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ON THE IDENTITY OF THE NUCLEIC ACIDS OF THE
THYMUS, SPLEEN AND PANCREAS.

By WALTER JONES.

(From the Laboratory of Physiological Chemistry, Johns HopkinsUniversity.)

(Received for publication. May i, igoS.)

A study of the nucleic acids is conceded to be one of the most

puzzling tasks that confront the student of physiological chemis-

try and for the reason that the literature on the subject reveals

a mass of contradictions, corrections and inconsistencies which

it would seem almost impossible to reduce to any satisfactory

scientific order. As is well known these substances yield among
their hydrolytic products various derivatives of purin and the

older literature records four substances of this type (guanin,

adenin, xanthin and hypoxanthin) any combination of which

might be expected among the decomposition products of a

nucleic acid. From the fact that certain nucleic acids produced

one of these ptirin derivatives considerably in excess of the

other three and that no simple stoichiometric relation was found

to exist between the various purin derivatives found in this

connection, Kossel advanced his hypothesis of the four nucleic

acids each giving one purin base. On the other hand Schmiede-
berg contended that salmon nucleic acid contains in the one
molecule groups of both guanin and adenin. Investigations

which followed Kossel's earlier work have shown that in many
instances xanthin and hypoxanthin are secondary products and
need not be considered in this connection. Thus it was found
that a number of nucleic acids yield guanin and adenin but
neither xanthin nor hypoxanthin when prepared from fresh

glands and hydrolyzed imder conditions which do not admit of
the alteration of the purin derivatives first formed. This was
shown by Kossel and Neumann' to be true of thymus nucleic,
acid, by Osborne and Harris^ of triticonucleic acid, by Jones

* Kossel and Neumann: Zeitschr, f. physiol, Chetn., xxij, p. 74.
’ Osbome and Harris: Ibid., xxxvi, p. 85.
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and Whipple^ of the nucleic acids of the pancreas and suprarenal

gland, and by Levene- of a large number of nucleic acids of

various origin. The confusions in the older literature are in

great measure due to the secondary action of the hydrolytic

agent but in part also to the presence in the glands of ferments

which liberate the amidopurins from the nucleic acid and convert

them into the oxypurins, the latter probably being present as

such in the nucleic acid preparations which were employed for a

study of the hydrolytic products.^ At a time when difficulties

of this nature seemed to be removed, Steudel"* made a contribu-

tion which unnecessarily threw the question of purin bases again

into confusion. He submitted the copper salt of thymus nucleic

acid to a severe method of hydrolysis and naturally obtained all

four purin bases.

It is not necessary to go beyond Steudehs papers themselves to

see wherein the difficulty consisted, but as might have been

expected Steudel is now quoted as authority for the statement

that thymus nucleic acid produces all four purin bases. How-
ever, Jones and Austrian^ found that no xanthin is produced

when thymus nucleic acid is decomposed b)’* the action of the

ferment nuclease at the body temperature and in a practically

neutral fluid. At the same time SteudeP ignored his own find-

ings and stated that both salmon nucleic acid and th3^mus nucleic

acid yield exclusively guanin and adenin and that the two nucleic

acids produce these two bases in the same relative quantities.

It would seem, therefore, that at the present there is no well

established work which is at variance with the general statement

that all ordinary nucleic acids whether of plant or animal origin

yield two and only two purin derivatives, viz: guanin and adenin.^

* Jones and Whipple; Amer. Jouriu of Physiol., vii, p. 423.

’Levcnc: Zcitschr. f. physiol. Chon., xxxvii, p. 402; xxxix, p. 479;

xlv, p. 370; 1
, p. i; Levene and Mandel; Ibid., xlvi, p. 155; xlvii, p. 140;

xlix, p. 262.

’Jones and Austrian: Ibid., xlviii, p. iro.

^Steudel: Ibid., xlH, p. 165.

* Jones and Austrian: This Journal, iii, p. i.

“Steudel; Zcitschr. /. physiol. Chon., xlix, p. 406; liii, p. 14.

’The expression ** ordinary nucleic acid" is used in this paper in its

narrow sense and docs not include the "guanylic acids" which form a

distinct class of themselves.
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Our ideas in regard to pyrimidin derivatives have undergone

similar changes. Thymin was first obtained from th}mius

nucleic acid by Kossel and Neumann* and their selection of this

term leads to the suspicion that they regarded the compound

as characteristic of the gland. But thymin has been frequently

found among the hydrolytic products of nucleic acids^ and had

come to be regarded as a constant decomposition product when

Ascoli^ observed that in yeast nucleic acid the thymin group

is replaced by a uracil group, Osborne and Harris^ showed the

same to be true of the nucleic acid of the wheat embryo while

Mandel and Levene® obtained uracil but no thymin from the

nucleic acid of haddock eggs. Following Ascoli's discovery

Levene obtained uracil (in addition to thymin) from various

animal nucleic acids but finally ascribed the substance to second-

ary action. This position is now taken by Steudel with reference

to uracil in general.

In 1894 Kossel and Neumann® obtained from thymus nucleic

acid an organic base which they called cytosin and which was
subsequently proven to be a pyrimidin derivative.’ In the

meantime Levene® showed that spleen nucleic acid gives rise

to a base having the empyrical composition of amido-oxy-pyri-

midin. He afterwards obtained the substance from a number
of nucleic acids and was able to prove its identity with cytosin.

Again, KosseP showed that laevulinic acid results from the

hydrolysis of thymus nucleic acid and as the substance is not
formed from pentose KossePs discovery indicates a hexose group
in this nucleic acid molecule. Subsequent work by Levene'®
failed to establish the presence of this group in other nucleic

acids and it seemed for a time that thymus nucleic acid was

* Kossel and Neumann; Ber. d. deiitsch, cUcm, Gesellsch., xxvi, p. 2753.
^ Levene: Loc. cii„ and Zeitschr, f. physiol, Chem., xxxix, pp. 4 and 133.
* Ascoli: Zeitschr, f, physiol. Chein., .xxviii, p. 426.

^Osborne and Harris: Loc. cit.

^Mandel and Levene: This Journal, i, p. 425.
Kossel and Neumann: Ber, d. detUsch, chem, Gesellsch,, xxvii, p. 2215.

’Kossel and Steudel: Zeitschr. f. physiol. Chem., xxxviii, p. 49.
* Levene: Ibid., xxxvii, y. 402.

’Kossel: Arch.f. Physiol, y. 157, 1893; l^oW: Zeitschr. f. phvsiolChem
XXV, p. 430.

'^Levene: Zeitschr. f, physiol. Chem., .xxxvii, p. 402.
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thus shown to have a point of distinction from other members
of this group, but by the adoption of new methods Levene’

convinced himself of the presence of the laevulinic acid group in

several nucleic acids which he examined.

When we consider the quantitative differences presented by

the decomposition products of nucleic acids we notice the same

two opposite tendences, i. e., a number of researches indicate

that all nucleic acids yield the same relative quantities of their

decomposition products, and on the other hand an equal num-
ber seem to prove that this relation is different for the various

nucleic acids. Moreover, this phase of the subject has become

complicated to a most unusual degree by the presence of guanylic

acid in the tissues. Ivar Bang* discovered this substance in the

pancreas. He stated that it 3delds glycerin phosphoric acid,

furfurol and guanin but neither adenin nor any pyrimidin

derivative. The matter of glycerin phosphoric acid seems to be

discredited’ but the other points in connection with the sub-

stance have been sufficiently confirmed. When it is remembered

that substances of the guanylic acid type are not confined to the

pancreas^ it will appear that the presence of this substance in

varying quantities might account for some at least of the dif-

ferences presented by preparations supposed to be exclusively

“ordinary nucleic acids.”

Thus while the weight of recent evidence has inclined to the

belief that certain supposedly different nucleic acids are the

same substance and while the support for these supposed dif-

ferences has been much weakened or entirely removed, a con-

siderable amount of positive evidence has accumulated to show

the chemical identity of certain nucleic acids from sources zoolog-

ically distant from one another. Herlant’ has prepared speci-

mens of nucleic acid from the thymus and from fish spermatozoa

and has shown that the two preparations have the same chemical

composition.

’ Levene: Zciischr. /. physiol. Chem., xliii, p. 109.

*Bang: Ibid., xxvi, p. 133; xxxi, p. 411-
’ Steudel; Ibid., liii, p, 539.

‘Jones and Rowntree: This Journal, iv, p. 289.

* Herlant: Arch. f. exp. Pathol, u. Pharmakol., xliv, p. 148.



Walter Jones 5

Again SteudeP has lately proposed a very accxirate method of

estimating the purin derivatives obtainable from a nucleic acid.

The substance is treated with concentrated nitric acid when a

violent reaction ensues with evolution of the brown oxides of

nitrogen and on cooling the products, guanin and adenin are

quantitatively deposited as crystalline nitrates. The removal

of the two nitrates from the other decomposition products and

their separation from one another can be accomplished with

great accuracy, and in this manner Steudel has obtained identical

results from the nucleic acids of the th3rmus gland and salmon

testicle.^

Finally, Schmiedeberg® in a critical review concludes that

a large number of nucleic acids of various origin which have been

examined in his laboratory are identical chemical substances.

It is, therefore, probable that the following summary of the nucleic

acid question is not far from correct.

(1) All “ordinary nucleic acids” of plant or animal origin

yield the same two purin derivatives (guanin and adenin) and in

the same quantitative ratio.

(2) All “ordinary nucleic acids” yield cytosin.

(3) All “ordinary nucleic acids” yield laevulinic acid.

* Steudel: Zeitschr, f. physiol. Ghent.

^

xlviii, p. 425.
* This work of Steudel appears to me a little curious. I have had fre-

quent occasion to use the method both before and after Steudel's announce-
ment and can agree with him in regard to the quantitative ratio of the
guanin and adenin groups in thyi lus nucleic acid. But one will obtain no
trace of either guanin or adenin in ^he crystalline deposit when the method
is executed as described. The product is a mixture of xanthin and hypo-
xanthin nitrate and I base my conclusion regarding the guanin and
adenin groups of the nuleic acid on the relative quantities of xanthin
and hypoxanthin obtained. One would scarcely expect to find either
guanin or adenin after a violent evolution of the oxides of nitrogen
and as a matter of fact no trace of either is to be found. Nucleic
acid may be hydrolyzed with diluted nitric acid from which all traces of
the oxides of nitrogen have been removed and nitrates of guanin
and adenin be obtained. But under these conditions there is no evolution
of the oxides of nitrogen and the deposition of the nitrates is very slow,
requiring several days for completion. Steudel specifically states concen-
trated nitric acid describes the violence of the reaction, and repeats concen-
trated nitric acid in subsequent references. (Zeitschr. /. physiol Ghent
liii, p. 14.)

^ Schmiedelberg: Arch. f. exp. Pathol. «. PharniakoU Ivii, p. 309.
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(4) Nucleic acids from plants and fish eggs jdeld uracil while

those from animal organs and fish spermatozoa yield thjrmin.

(5) There is considerable evidence for regarding the nucleic

acids of different mammalian organs as identical substances, and

there is no insurmountable evidence against the assumption.

The statements in the literature which are at variance vitli

these conclusions are satisfactorily explained on the following

grounds.

(6) In some cases where it w'as difficult to obtain material

the experimenter has endeavored to study the purin and pyxi-

midin derivatives with the same specimen, and in order to insure

the complete hydrolysis of the nucleic acid, hydrolytic agents

have been employed which remove amido groups from both

purin and pyrimidin rings.' In this manner, xanthin h)'-po-

xanthin and uracil have resulted by secondary action from guanin,

adenin and cytosin.

(7) The presence in the tissues of “amidases" was not known
to the earlier investigators, who in many cases must have worked

with glands that had stood for a time and in which the removal

of amido groups had proceeded to a considerable extent.

(8) There exists in various glands a curious nucleic acid (if

it be properly so called) which jdelds an excessive amount of

both pentose and guanin. This substance may well be responsi-

ble for the furfurol reaction given by ordinary nucleic acids and

has undoubtedly produced a confusion in regard to the excessive

amount of guanin supposed to result from the hydrolysis of some

members of the class of ordinary nucleic acids.*

The object of this communciation is to describe some experi-

ments until preparations of ordinary nucleic acid of various

origin (spleen and pancreas of the pig and thymus of the calf)

which have been obtained in such a manner as to avoid all errors

from any source that has been mentioned above, and to furnish

what should be considered conclusive evidence of the identity

of these particular nucleic acids. Upon finding that guanylic

acid is not confined to the pancreas but is present in the spleen,

the mammary gland and probably in other organs, various

' Inouye; Zeitschr. f. physiol. Chcm., xlviii, p. r8i; Inouye Katsuji

and Katoke; Ibid., xlvi, p. 201.

’Jones and 'Whipple: Loc. cit.
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glands were first treated in such a manner as to remove the

guanylic acid and ordinar}’* nucleic acids were then prepared

from the residual material. While the primary object of this

procedure was the removal of guanylic acid (i. e,, its nucleo-

proteid) it has the great advantage of removing other objection-

able constituents of the glands and especially coloring matter

so that the ordinary nucleic acids obtained from the residues

yield sodium salts which are peculiarly adapted to polarimetric

measurement. Thus the nucleic acid of the spleen which when

prepared directly from the organ is always somewhat colored,

when prepared by this new procedure is so nearly colorless that

the polarimetric measurement of a 4 per cent solution in a 2

decimeter tube offers no greater difficulty than an empty tube.

Various nucleic acids prepared in this manner have the follow-

ing points in common

:

(1) Their neutral sodium salts are all dextrorotatory and all

have the same specific rotation.

(2) The variation of the rotation with concentration is in each

case according to the same law.

(3) The variation of the rotation by the addition of ammonia
or alkalies is according to the same law in the case of each nucleic

acid but different from the variation by dilution 'with water.

(4) The variation of the rotation of the neutral sodium salt

by the addition of acids obeys a third law which, however, is the

same for each nucleic acid.

(5) All three of the nucleic acids examined, form gelatinous

neutral sodium salts.

(6) In the case of all three preparations the gelatinous charac-
ter of the neutral sodium salt disappears upon the addition of

either acid or alkali and the specific rotation changes accordingly.

This easy passage of the gelatinous into the non-gelatinous
form and the reverse offers a simple explanation of the physio-
logical localization and migration of nucleic acid.

(7) It is intended to confine this paper to the polarization and
gelatinization of the sodium salts of the three nucleic acids
mentioned, yet it may be stated here that all three preparations
yield both guanin and adenin and in relative quantities which were
found to agree as closely as could be expected from the methods
at our disposal.
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PREPARATION OP ORDINARY NUCLEIC ACIDS FROM SPLEEN, THYMUS
AND PANCREAS.

The best specimens of the nucleic acids of spleen and pancreas

have been prepared and analyzed by Levene. In his method a

solution of the nucleic acid in dilute acetic acid was treated with

picric acid for the removal of the proteids and the nucleic acid

was precipitated from the filtered solution by 'the addition of

copper chloride. The method is an excellent one for the elimina-

tion of carbohydrates and other constituents of glands which

were known at the time the method was proposed but whether

by this process guanylic acid is removed is still a question.

Levene found spleen nucleic acid characterized by the relatively

large amount of cytosin which it yields. Thymus nucleic acid

has been the subject of a large number of researches but no

one has prepared a nucleic acid from this gland by the method

to be described. I make no claim that this gland contains gua-

nylic acid but in case it does the substance will surely be removed

by the method described. Steudel has recently confirmed the

existence of guanylic acid in the pancreas and states that after

the removal of this substance the residue answers the require-

ments of Neumann’s method and yields an ordinary nucleic acid

which produces both guanin and adenin but which differs from

thymus nucleic acid in that its sodium salt does not gelatinize.

I have not observed such a difference. The neutral sodium salt

of pancreas nucleic acid forms a 6 per cent solution which on

cooling to the room temperature gelatinizes so solidly that the

vessel may be inverted without losing its contents. Nor do I

understand that Neumann was accustomed to boil out his glands

with water before extracting the nucleic acid. He boils with a

very dilute acetic acid solution which is done for the coagulation

of the proteids so that the glands can afterwards be finely ground.

Such a procedure with the pancreas or spleen would of course shut

in the guanylic acid which latter would surely contaminate the

final nucleic acid preparation.

The method of preparation which was employed for the

material described below was essentially the same for all three

glands and may be briefly described as follows: Portions of

ground gland of one kilo each were well mixed with distilled
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water at the room temperattire and the mixture brought slowly

to the boiling point. The fluid was roughly decanted from the

coagulum for the removal of all suspended as well as soluble

material and the latter was freed as far as possible from the fluid

by pressing with linen. The residue was again finely grotmd

in a machine for the purpose, boiled out with 2^ parts of distilled

water, and the aqueous fluid roughly decanted and pressed out

with linen. The grinding and extraction with water was repeated

a third time- The final residue was added in small successive

portions to a solution of loo grams of sodium acetate and 30

grams of caustic soda in 2 liters of water which had been pre-

viously heated to the boiling point and which was kept hot during

the addition of the gland.

After the gland residue had all been added to the alkaline

solution the product was kept just below the boiling point for

20 minutes and while still hot was treated with 25 per cent

acetic acid until the fluid failed to give any indication with

red litmus. This is considerably past the point where the fluid

begins to turn blue litmus. A fluid brought to this condition of

acidity will usually filter rapidly, giving a perfectly clear filtrate

and it is necessary that this condition be reached either by test-

ing with litmus or by frequent attempts at filtration with small

quantities of fluid and subsequent addition of small amounts of

either acid or alkali as the case requires. The filtration is best

accomplished with a hot water funnel, since the phosphates are

precipitated as the solution cools and soon stop an ordinary fil-

ter. With the thymus gland the hot water funnel is necessary to
prevent gelatinization, since we are here dealing with a more
concentrated solution of nucleic acid. In any case the filtrate

is exactly neutralized and evaporated to about 700 cc. (in case
of the pancreas to a smaller volume) and while warm poured
into an equal volume of alcohol. A snow-white, voluminous
precipitate of the neutral sodium salt of nucleic acid is thrown
out which on standing adheres to the bottom and sides of the ves-
sel so that the colored alcoholic fluid may be completely decanted.
The product was washed in turn with alcohol of increasing con-
centration until 95 per cent alcohol was employed, when the
material was pressed as dry as possible with linen and dissolved
in 200 cc. of hot i per cent caustic soda. At this point differ-
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ent procedures were adopted with different preparations, the

heating of the alkaline solution being discontinued in some
cases as soon as the phosphates had separated, leaving a clear

interstitial fluid while in other cases the heating of the alkaline

solution on the water bath was continued for six hours. This

variation was adopted after some knowledge of the optical

properties of the products had been acquired and its object was

to see what influence the heating with dilute alkalies would

have on these optical properties and also on the gelatinization

of the neutral sodium salts. The results will show that the

alkaline treatment has no influence in either respect.

The alkaline fluid was filtered from the phosphates (there is

no necessity to use a hot water funnel at this point) and exactly

neutralized with acetic acid. When the neutral point is ap-

proached the fluid becomes viscous and just before it is reached

the material stiffens to a solid jelly even in the warm, and

this is the case no matter what the length of time during which

the substance was heated with alkali. The neutral salt gel-

atinizes, the other salts do not. It is, therefore, necessary to

make the final neutralization with a hot solution. The neutral

fluid is poured into alcohol and the sodium salt dried with

alcohol and ether as before described. This product dissolves

in water to a practically colorless solution but an insignificant

amount of insoluble phosphate gives the faintest indication of

a cloud. The material was, therefore, made into a 6 per cent

solution in water and allowed to stand over night. The cloud

collected to a well defined flocculent deposit which was easily

filtered off (after warming the solution) leaving a perfectly trans-

parent, almost colorless fluid. This was poured into alcohol and

the product ground in a mortar with successive portions of

alcohol, which were used for drying. In this way the material

is brought to a fine state of division so that the final product

after the use of ether falls immediately to a perfectly dry dust-

like powder which has no odor of alcohol. In order to be sure

of equally dry preparations, this material was not allowed to

stand before use, but portions were immediately weighed out

and made up into solutions intended for the polarimetric work

that follows.

A description of any one of the three preparations will answer
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equally well for the other two. All are snow-white, dustlike,

non-hygroscopic powders, which form aqueous solutions that

are perfectly transparent, practically colorless, and neutral to

litmus. Even concentrated aqueous solution gave only an

opalescence with alcohol in equal volume, but the addition of

sodium acetate in traces causes the sudden appearance of a

flocculent precipitate leaving a clear interstitial liquid. None

of the preparations give any response to the biuret reaction

even when made by the accurate method which Schmiedeberg

has lately proposed.^ A 2 per cent solution has little viscosity

at the room temperature; a 2^ per cent solution is about as mobile

as concentrated sulphuric acid ; a 3 per cent solution drops very

slowly from a burette with stopcock open and gelatinizes on

standing over night in a cool room, and a *5 per cent solution

gelatinizes completely as soon as the room temperature is reached.

THE OPTICAL PROPERTIES OF THE ORDINARY NUCLEIC ACIDS OF

THE THYMUS. PANCREAS AND SPLEEN.

Preliminary experiments had shown that on account of the

gelatinous property of the sodium salts, the maximum concen-

tration which could be satisfactorily employed was a 4 per cent

solution. Solutions of this concentration were prepared and
the more dilute solutions were obtained from this by the addition

of water (or reagent) in the quantities indicated in the tables.

This dilution cost some trouble owing to gelatinization. The
original 4 per cent solution may be brought to the room tempera-
ture and allowed to stand for an hour or so without solidifying

but on standing several hours gelatinization occurs and the
material must be warmed for further use. In making up the

4 per cent solution, the material was usually dissolved in hot
water and transferred to a measuring flask, which was filled

nearly to the neck with hot water and the materials mixed as
well as possible while still hot. The solution was allowed to
stand over night and filled to the mark with cold water. The
gelatinous material in the bottom of the flask was then melted
by slight warming and the fluids thoroughly mixed. The dilu-
tion was afterwards done mth both water and nucleic acid solu-

* Schmiedeberg: Loc, cit.
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tion at a temperature slightly above that of the room. The

polarizations were made in 2 dm. tubes and the angles recorded

are in each case the mean of five readings. In the cases of the

more dilute solutions the recorded angle is the mean of a large

number of readings selected near the mean,

The observations recorded in the tables were made with the

three neutral sodium salts of the nucleic acids of the thymus,

spleen and pancreas. For stud5dng the effects of heating thymus

nucleic acid with dilute alkalies a series of experiments were

made with a specimen of sodium salt of this nucleic acid which

had been heated on the water bath for 6 hours with i per cent

caustic soda. This specimen is designated in the tables as

“Thymus II."

As will be seen the rotation of each sodium salt varies with the

concentration and also by the addition of acids or alkalies. The

laws of these variations are brought out more clearly in the

diagrams which have been constructed from the tables. In

these diagrams ordinates represent the observed angles of rota-

tion divided by half the percentages of the solutions. This

value which has been used for its convenient magnitude is of

course a function of the specific rotation [f?] and if the rotation

of the substances did not vary under the conditions employed,

all curves would be straight horizontal lines. Abcissas represent

the percentages of the solutions multiplied by five-thirds.

Diagram I shows curves of dilution with water. All three

curves are slightly “convex upward,” although they are nearly

straight lines. The irregularities near the origin are to be

expected where one is dealing with such dilute solutions that an

error of 2' in reading the polarimeter would make a considerable

difference in the location of the point on the diagram. The

spleen and thymus curves are practically coincident while the

slight but uniform departure of the pancreas curve might reason-

ably be attributable to an error in making up the original 4 per

cent solution. This assumption is not borne out, however, by

the pancreas curves in the diagrams which follow. The pancreas

solutions were all allowed to stand over night before polariza-

tion while the spleen and thymus solutions were not. A slight

multirotation or change in temperature might therefore account

for the small difference. The points of interest are that the
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substances that are identical even to their space relations. It

is remotely possible that the small differences observed are to

be attributed to slight differences in chemical constitution

between the nucleic acids but it is more reasonable to assume

that they represent deficiencies in method.

ON* GELATINOUS AND NON-GELATINOUS SALTS OP NUCLEIC ACIDS.

In 1S98 Neumann* found it possible to prepare from the thymus

gland two different nucleic acids. The one of these (a-nucleic acid)

forms a sodium salt whose solution in warm water gelatinizes

on cooling while the sodium salt of the other (/9-nucleic acid)

exhibits no such property. Neumann did not believe that

these two acids existed independently of one another in the

gland but that the /?-acid is formed at the expense of the a-acid

by the action of the hot caustic soda which he used in his method

of preparation. The existence of these two thymus nucleic

acids has been accepted by later investigators and it has usually

been granted that thymus nucleic acid is characterized as the

sole nucleic acid which )aelds a gelatinous sodium salt. Thus

SteudeP describes a nucleic acid of the pancreas as very similar

to thymus nucleic acid but different from the latter in that its

sodium salt does not gelatinize. Kostytschew^ by a study of

the barium salts confirmed Neumann’s discovery of the two thymus

nucleic acids, and Araki* professed to demonstrate the existence

in the thymus of a ferment which causes the conversion of the

«-nucleic acid into the /?-nucleic acid.

Schmiedeberg remarks in his recent communication^ that he

has frequently noticed the tendency to gelatinize on the part of

copper compounds of various nucleic acids, a property which

was lost when the copper compounds were further treated with

chemical reagents. While he does not claim to have discovered

the relation between the a and ^ acids he denies that there is

any essential difference between the two and expresses the

opinion that the one acid is simply the anhydride of the other.

* Neumann; Arch. f. Physiol, suppl., p. 552, 1859.

*Steudel: Zcitschr. f. physiol. Chem., liii, p, 539.
’ Kostytschew: Ibid., xxxix, p. 544.

‘Araki: Ibid., .xx.xviii, p. 98.

* Loc. cit.
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Schmiedeberg^s denial of the independent existence of the two

thymus nucleic acids is perfectly correct, but the explanation of

the relation between the gelatinous and non-gelatinous sodium

salts is even simpler than the one which he proposes. We are

in fact here dealing merely with two different sodium salts of the

same acid.

It has been shown above that the optical properties of the

sodium salt of thymus nucleic acid prepared by moderate treat-

ment with alkali do not differ from those of a sodium salt prepared

by excessive treatment with alkali, and yet this one difference

in the method of preparation has been supposed to be the deter-

mining factor in the production of the two substances. It may
now be added that there is no easily observed difference in the

viscosity of solutions of the two preparations with which the

polarimetric work was done. This was determined by dropping

the two solutions in succession from the same burette with open

stopcock and counting the drops that fall in a given time. The
differences noted in a number of experiments were no greater

than were noted in the polarimetric work.

Thymus nucleic acid is evidently a polybasic acid which’ forms

several series of salts. One of those salts has been called in this

paper the neutral salt on account of the behavior of its aqueous
solution to litmus. This salt (which properly should be called

an acid salt) is the one which gelatinizes easily in a 5 per cent

solution and shows the maximum rotation to polarized light. If

a trace of either acid or alkali be added to a solution of this salt

evidently the relation between base and nucleic acid is disturbed,

a more acid, a less acid or a neutral salt is formed, as the case may
be, the specific rotation falls and the gelatinous character is lost.

Abundant opportunity to notice the loss of gelatinization in the
dilution of solutions with acid and ammonia was offered by the
materials used in the polarimetric work.

In precipitating the sodium salt from its aqueous solution with
alcohol, the non-gelatinous form will be obtained unless the
aqueous solution is neutral to litmus. This non-gelatinous salt
will not react neutral to litmus and will show a low specific
rotation. On dissolving this salt in water neutralizing the solu-
tion and again precipitating with alcohol the gelatinous salt is
obtained. It happened on several occasions that a preparation
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which was intended for polarimetric measurement did not

possess the proper gelatinization and its rotation was found too

low. On treatment ^vith ammonia the rotation rose in the

beginning instead of falling. A little alkali was added to the

solution when the viscosity was increased so that the solution

gelatinized solidly on standing and the rotation rose to the proper

point. This phenomenon has been occasionally observed with

preparations that were neutral to litmus so that it must be con-

cluded that in dealing with these salts the rotation and gelatiniza-

tion are more sensitive means of determination than is litmus.

These points relative to gelatinization apply equally well to all

three nucleic acids here under discussion.

Finally, a number of preparations of thymus nucleic acid

which were made years ago were examined. These materials

were labeled “gelatinous sodium salt” and “ non-gelatinous salt,”

in accordance wth the method that had been employed in their

preparation. But many of those called non-gelatinous were found

gelatinous and vice versa. Those which actually gelatinized

showed a higher rotation than the others and the one salt could

be converted into the other by the method already suggested.

The various chemical differences between the animal nucleic

acids of different origin may of course be due to differences in the

chemical constitution of the nucleic acids themselves, but the

history of the development of the subject suggests that some at

least and perhaps all of those differences are due to the great

difficulty of making chemical examinations especially in regard

to the relative amounts of the decomposition products. It is

difficult to understand how the three nucleic acids described in

this paper could possess the same specific rotation which varies in

each case according to the same law in whatever way the variation

is produced, or how the sodium salts could show the same degree

of viscosity which disappears and reappears under precisely the

same conditions unless the three nucleic acids in question are

identical.
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NOTE ON THE CONCENTRATION OF DIPHTHERIA TOXIN.

BY P. G. HEINEMANN.

{From tJie Bacteriological Laboratory of the University of Chicago,)

(Received for publication, May 7, 1908.)

It is well known that a high potency diphtheria toxin is

advantageous in the production of diphtheria antitoxin. The
antitoxin potency depends to some extent on the injection of

increasing doses of toxin. The amount of toxin which can be
given to a horse with safety is limited, however, by the volume;
as a rule the use of a toxin of less potency than 0.005 is not
advantageous. A toxin, the m.l.d. of which lies in the fourth

decimal, has been obtained occasionally, but not with regularity.

Such powerful toxins would enable us to give higher doses, so

that sera of high potency could perhaps be produced. By
precipitation we can also remove some of the constituents of

the toxin broth, which are useless, if not injurious.

In the literature several methods have been described for

preparing a concentrated and purified toxin, mostly, however,
in small amounts and under experimental conditions. Thus
Brieger and FraenkeP precipitated toxin with ethyl alcohol
acidulated with acetic acid. They stated that ammonium
sulphate, sodium chloride, and sodium sulphate also precipi-
tate toxins. Wassermann and Proskauer^ precipitated toxin
by addition of eight to ten times the volume of acidulated abso-
lute alcohol. Another method used by these authors consists
in evaporation to one-tenth the volume, dialysis to remove the
peptones and then precipitation by use of acidulated 60 to 70
per cent alcohol. Brieger and Cohn^ precipitated tetanus toxin
by supersaturation with ammonium sulphate and stated that
the precipitability of tetanus toxin wdth ammonium sulphate

* Bcrl. kUn, Woch, p. 241, xxvii, 1890.

^Deutsche vied. Woch.^ xvh, p. 585, 1891.
* Zeitsehr,

f. Hyg., xv, p. i, 1893.
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decreases as the toxin becomes more free from foreign substances.

Brieger^ then used neutral lead acetate and precipitated the to.xin

almost quantitatively. The lead acetate is rather difficult to

get rid of. This method is better adapted for diphtheria than

tetanus toxin. Finally Breiger and Boer^ prepared a double salt

by precipitating the toxin with a i per cent zinc chloride solu-

tion and removed the zinc by means of ammonium phosphate.

The toxin was then purified by redissolving and reprecipitating

with ammonium sulphate. BanzhaF has used alcohol as pre-

cipitating agent, but later states^ that the advantages of con-

centrated toxins do not justify the use, when the expense of

preparation is considered. This would also be true as regards

the use of some other precipitating agents, as acetone. The

experience of other observers gives one the impression that toxins

suffer in potency by use of alcohol and acids. Salts, however,

do not seem to affect them. Banzhaf also stated that his

experiments with horses do not prove that a higher potency is

obtained with concentrated toxins than is obtained with ordinary

toxins. The chances of abscess formation, however, are probably

lessened \rith a reduction of volume injected and the possibility

of saving a weak toxin is an additional advantage.

In preparing a concentrated toxin to immunize horses it is

not as essential to get a toxin as nearly chemically pure as possible

as to prepare it with small loss and as inexpensively as possible.

I have had some success in concentrating diphtheria toxin in

a series of experiments by the following method: To a given

volume of toxin is added twice the volume of a saturated

solution of ammonium sulphate with constant stirring. Less

ammonium sulphate solution does not precipitate the toxin

completely and more than rivice the volume was found to be

superfluous. The mixture is allowed to stand for twenty-four

hours, after which a brownish-yellow scum forms and sometimes

a sediment of the same color. Both the scum and sediment are

then collected on a large folded filter. Twenty liters and more

' Zehschr. f. Hyg., xLx, p. loj, 1895.
- Deutsche med. Woch., xxii, p. 783, 1896.

* Collected Studies from the Research Laboratory of the Department of

Health of New York City, p. 35, 1903.
* Ibid., p. loi, 1906.
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can be filtered on one filter in a few hours. The precipitate

is scraped from the paper before it is entirely dry, since it comes

off more readily while moist. The precipitate is then dialyzed

in a collodion or parchment sac. Collodion was used exclu-

sively at first because Oppenheimer^ has stated that part of the

toxin is lost by dialyzing through parchment. If heavy parch-

ment is used, however, this does not seem to be true, at least

one experiment made seemed to show this. In this experiment

the precipitate was divided into two equal parts and one-half

dialyzed in a collodion sac, hardened with chloroform and alcohol,

and the other half in parchment. The two lots of toxin were of

substantially the same potency. Since it is difficult to prepare a

collodion sac and seal it to a glass tubewithoutsometimes having

a small leak, it may be more advisable to use heavy parchment

for dialysis.

Similarly to the precipitate a small portion of the filtrate in

each experiment was dialyzed under identical conditions and two
to four cubic centimeters injected into guinea pigs. The guinea

pigs showed no effect resembling diphtheria poisoning whatever,

but steadily gained weight, except in one case, where the animal
died in nine days and cultures from the heart's blood showed
the presence of staphylococci, but no lesions of diphtheria

poisoning.

The toxin solution is removed from the sac after five or six

days. It is filtered through paper and then is a clear dark brown
fluid. As a preservative I add 0.3 per cent carbolic acid. I

found that by adding a larger amount of carbolic acid to the
toxin a heavy precipitate forms which seems to contain much
of the toxin. Whenever this happens it is advisable to add
enough water to dissolve the precipitate although the potency
is diminished proportionately.

The following table shows the results of the six experiments
made so far:

* Die Toxinc toui Aniiioxinc.
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Original m.l. d. M.I.d. of concen-
trated toxin.

Theoretical m.I.d.*

1

Dialyzed through—

0.003 0.0007 0.0004 Collodion.

0.006 0.0005 0.0004 «

0.003 0.0003 0.0002 u

0.009 0.0007 0.0006 tc

0.009 0.0007 0.0006 Parchment.

less than 0.005 0.00035 less than 0.00025 Collodion.

* Theoretiral m.I.d. is the m.I.d. which would result if there had been no loss what-
ever by manipulation.

The table shows that the loss is not great and undoubtedly

can be reduced by perfecting the technic. By this method it is

possible to make use of a toxin, which is not potent enough to

be used without concentration.



ON THE PART PLAYED BY THE ALKALI IN THE
HYDROLYSIS OF PROTEINS BY TRYPSIN.

By T. BRAILSFORD ROBERTSON and C. L. A. SCHMIDT.

{From the Rudolph Spreckels Physiological Laboratory and the Laboratory

of Physical Chemistry of the University of California,)

(Received for publication, May 15, 1908.)

I. INTRODUCTION.

The part played by the alkali and acid in protein hydrolysis

by enzymes is by no means clear. It is known that the activity

of pepsin is greatly enhanced by acid while that of trypsin is

greatly enhanced by alkali, and, since acids and alkalies are well-

known hydrolyzing agents, the most natural assumption regard-

ing their influence upon protein hydrolysis by enzymes is to

suppose that they play the part of accessory catalysors. As
regards the influence of acids upon the hydrolysis of proteins by
pepsin, however, there are many well-known facts which speak

against this view. The influence of acids is by no means propor-

tional to their degree of dissociation as would be expected were
their influence due to a catalytic action of the hydrogen ion.^

On the contrary hydrochloric acid has an almost specific action

upon the hydrolysis of proteins by pepsin, so that many observers

have inclined to the belief that the real ferment is in this instance
a compound of pepsin with hydrochloric acid.^ As regards the
influence of alkalies upon the activity of trypsin the facts, so
far as has been hitherto ascertained, are much more in harmony
with the view that the alkali acts as an accessory catalysor, since
it is stated that the hydroxides of the alkalies and alkaline earths
act in proportion to their degree of dissociation,^ although

‘ Cf. Klug: Arch. f. d, ges. Physiol., Ixv, p. 330, 1896; A. E. Taylor:
"On Fermentation," University of California Ptihlicatio^ts, Pathology^
xgo?! p. 249; Berg and Gies: This Journal, ii, p. 489, 1907.

*C. Schmidt: Ann. d. Chem., Ixi, p. 311, 1847.
^A. E. Taylor: Loc. cit., p. 251.
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divergencies from the proportionality of the action to the degree

of dissociation have been found.*

It has been frequently pointed out that the progress of the

hydrolysis of proteins is accompanied by marked changes in the

acidity or alkalinity of the solutions in which the hydrolysis

occurs* and it has been suggested that this phenomenon is to be

attributed to the fact that proteins split up, during hydrolysis,

into amino-acids, so that vvhere one molecule of amino-acid

(the protein itself) initially existed in the solution and partially

neutralized the acids or bases present, after the digestion has

proceeded for some time, several molecules now exist, each of

which neutralizes as much or nearly as much acid or base as

the original molecule—hence any excess of acid or base tends to

disappear during the hydrolysis and the system tends to approach

neutrality.^

Since the concentration of hydrogen and hydroxyl ions changes

markedly during the progress of hydrolysis, we would expect this

fact to exert a marked influence upon the progress of the reaction.

It happens, however, that the majority of the hitherto pub-

lished investigations upon the progress of protein hydrolysis by

trypsin have been conducted under such conditions that the

alkalinity of the system remained practically constant through-

out the experiment. Thus Bayliss’ experiments were conducted

at a high alkalinity (i. e., 2 cc. ^ added to 6 cc. of the system)

and any changes due to the alkali-binding power of the products

must have been negligible in comparison with the total concen-

tration of alkali.*

Robertson’s experiments were conducted in neutral solutions

in which no perceptiblechange in H"*" or OH~ concentration occurs

during the progress of hydrolysis.® Henri and his pupils also

‘ Berg and Gies; Loc. cit.

’Gillespie: Jounial of Anatomy and Physiology, xxvii, p. 195, 1893;

A. E. Taylor: Univ. of California Publications, Pathology, i, p. 7, 1904*1

Greenwood and Saunders: Journal of Physiology, xvi, p. 441, 1894; T.

Brailsford Robertson: This Journal, ii, p. 368, 1907.

’ T. Brailsford Robertson: Loc. cit.

‘Bayliss: Arch, des science biol. (St. Petersburg), xi, p. 361, 1904,

reprinted in the collected papers of the University College Physiological

Laboratory, London, xiii.

‘T. Brailsford Robertson: Loc. cit.
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worked with neutral solutions. (Gelatin and neutral casein-

ates.)^

AH these observers obtained results in excellent agreement

with the formula

k - }log.
a

a — X

indicating that the hydrolysis follows closely the course of a

monomolecular reaction. In Taylor’s experiment^ the alkalinity

of the system changed markedly with the progress of hydrolysis,

but, as our own experiments show, the influence of the alkali is

of such a nature that its decrease in concentration would not,

under the conditions of Taylor’s experiments, have much effect

upon the progress of the hydrolysis, and in fact Taylor’s results

also confirm the monomolecular formula.

The above quoted investigation by Taylor shows clearly that

the alkali, in the hydrolysis of protein by trypsin, does not

play the part of an accessory catalysor, for if this were the case,

since a considerable portion of the alkali disappeared during

hydrolysis, the monomolecular formula could not have been

obtained. Nevertheless our own investigations were initiated

in the belief that the alkali acted as an accessory catalysor and
that, therefore, in cases where the alkali diminishes appreciably

during the reaction the curve of the hydrolysis would be found
to obey the formula representing the progress of an auto catalyzed

reaction in which the catalysor is consumed as the reaction pro-

ceeds; that is, the formula,

k {a — b) t ~ log.
h {a — x)

a (b — x)

where a and b are, respectively, the initial concentration of the

substrate and of the catalysor. Somewhat to our surprise,

however, we found, at an early stage in the investigations, that
the course of the hydrolysis is by no means represented at all

stages by this formula nor by any probable modification of the
formula which suggested itself, and our results are such as to

* Henri and Des Bancels: Compt. rend, de VAcad. des sci.^ cxxxvi, p.
X581, 1903; Compt. rend. soc. hiol., Iv, pp. 563, 787 and 789, 1903.

* A. E. Taylor: Univ. of Calif. Pnbl. Pathol.^ i, p. 7, 1904,
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indicate that the part played by the hydroxyl ions is somewhat

more complex than that of an accessory catalysor.

II. EXPERIMENTAL.

The method employed was to follow the changes in OH“ con-

centration during the progress of the hydrolysis mth the aid

of the gas chain. The apparatus employed was similar to that

used by one of us in the determination of the potential of a hydro-

gen electrode in acid and alkaline borate solutions^ and is fully

described in the paper referred to. The hydrogen was generated

by the electrolysis of water, and subsequently passed over

platinized asbestos heated sufficiently to rid it of any hydrogen

peroxide or oxygen. The hydrogen then passed through the

very fine meshes of a cylinder of platinized platinum gauze which

formed the electrode. In this way the three phases, platinum,

hydrogen and solution were brought into most intimate contact

and equilibrium was quickly established. The other extremity

of the chain was formed by a standard calomel electrode using

KCl." Connection between the calomel electrode and the

cell containing the protein solution was made through two small

beakers filled with KCl, the second beaker being connected

with the protein solution by means of a U-tube filled with agar-

agar which had been made up in a saturated solution of KCl.

The cell containing the solution under investigation had aside cup

attached into which the U-tube filled with agar-agar was dipped,

thus preventing contamination of the main body of the solution by

KCl. Any contact differences of potential in the system due to

the fact that KCl was not introduced into the solution under

investigation were eliminated by the interpolation of the satur-

ated KCl.^ The remainder of the apparatus was fitted up in

the usual manner, a sensitive galvanometer being, however, used

as the zero instrument instead of a capillary electrometer.

The experiments were conducted upon the hydrolysis of casein

and of protamine. The casein was Eimer and Amend's C. P.

‘ C. L. A. Schmidt and C. P. Finger: Journal of Physical Chan, (about

to appear).

^Richards: Zcitschr. /. physik. Chan., xxiv, p. 37, 1S97.

^Bjerrum: Ibid., liii, p. 42S, 1905.
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preparation **nach Hammarsten*/^ for the purpose of this inves-

tigation it was further purified by the method described by

Robertson.^ It was then shaken up with the various concentra-

tions of NaOH until no more would dissolve at 2 5^ C. The solu-

tion was then filtered through glass wool and filter paper. Most

of the filter papers in the laboratories were found to be slightly

acid, but this source of contamination was eliminated by reject-

ing the first portion of the filtrate. In this way solutions of

neutral sodium caseinate were obtained.^

The protamine used had been prepared from salmon sperm by
Dr. A. E. Taylor and was very kindly supplied to us by the

Department of Pathology. It was in the form of the sulphate.

This was directly dissolved in distilled water in approximately

the concentration desired. In both sets of experiments the

procedure was as follows: The requisite amount of Griibler's

pancreatin (nach Spateholz)^ was dissolved in dilute alkali and
the solution filtered through glass wool and immediately added

to the casein or protamine solution under investigation. The
mixture thus prepared was then placed in the cell and hydrogen

allowed to bubble through at a slow rate. To all protein solu-

tions toluol was added to prevent bacterial infection, and a

layer of toluol was, in addition, placed upon the surface of the

mixture in the cell to further secure freedom from bacterial infec-

tion and to prevent foaming. A previous determination with a
borate mixture showed that the toluol has no influence upon the

equilibrium between the electrode and the solution. Hydrogen
was passed through at a slow rate and after about half an hour
the first reading was taken.

In alkaline solutions, when hydrogen is first passed through
the electrode and solution, the solution pressure of the hydrogen
in the electrode is considerably greater than the osmotic pres-
sure of the hydrogen ions in the solution—hence as the system
approaches equilibrium, the apparent alkalinity, as indicated by
the instrument, progressively increases; on the other hand, the
real alkalinity of the solution under investigation is progressively
decreasing on account of hydrolysis. The curves representing

‘T. Brailsford Robertson: This Journal^ ii, p. 317, 1907.
*T. Brailsford Robertson: Loc. ext,
^
Cf. A. E. Taylor: Univ, of Calif, PubL Pathol., i, p. 7, 1904.
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these two processes will evidently meet at some point and equilib-

rium between the electrode and the solution will be established

more rapidly than if hydrolysis were not taking place. From

the point of intersection of these two curves, the potential of

the electrode simply follows the decrease of alkalinity of the

solution, since any displacement in equilibrium is rectified by

the changes occurring in the solution and the velocity of hydrol-

ysis was, in all our experiments, low compared with the velocity

with which the electrode came to equilibrium except, possibly, in

the initial stages where, however, the changes in the solution are

as explained above, aiding the electrode in attaining equilibrium.

The experiments were carried out at the temperature of the

laboratory (average 16° C. ) which, while fairly constant for

periods of one or two hours, probably varied over an extreme

range of 3° C. to 4° C. throughout the day. The storage battery

was checked against the standard Weston cell after nearly every

reading.

All the sodium hydrate solutions employed were only of ap-

proximate strength and the concentration of the protein and of

the trypsin employed were likewise approximate.

The following is a tabular representation of our experimental

results: In the first column is given the time in minutes after

mixing the trypsin and alkali with the solution of protein. In

the second column is given the time (t— ii) in minutes after the

electrode has come to equilibrium mth the solution; this is

indicated as explained above, by the occurrence of a maximum
in the potential. Since the exact position of this ma.ximum

might readily escape detection in the readings, the time of the

first reading subsequent to the maximum was taken to repre-

sent the time at which the electrode had come to equilibrium

with the solution. In the third column is given the observed

E.M.F. in volts, in the fourth is given the OH~ concentration

corresponding to these voltages,* in the fifth is given the change

(x) in hydroxyl concentration since the first reading at which

the electrode had come to equilibrium with the solution.

‘TheH' concentration at the neutral point was taken as .75 X lo"', and

the OH~ concentrations were calculated from the Nemst formula:

^-99 T X 10-*
. £>

» ' Cj
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TABLE 1.

Experiment 1. Casein. NaOH saturated^* with casein to which was

added an equal volume of ^ NaOH. 10 milligrams of trypsin in 50 cc.

Temperature, 19^.

Time in
minutes
after

mixing.

E.M.F.
in voltd.

1

^ou'. X,
' h
(Monomolec-

ular). Q
0.798 5. 95X10-’

0 0.796 5.S0X10-’ 0

61 13 0.794 5. 06X10-’ 0.44X10“’ 269Xl0-« llSxlO"®
65 27 0.791

1
4. 50X10“’ 1.00X10“’ 316X10*“* 146X10“®

88 50
1
0.788 4.00X10“’ 1.50X10“’ 275X10"® 138X10“®

126 88 ! 0.784 3.40X10“’ 2.10X10“’ 236X10“® 127X10“®
158 120 0.782 3.15X10“’ 2.35X10“’ 201X10“® 113X10"*
182

j

144 0.779 2.79X10“’ 2.71X10“’ 204X10“® 123X10“®
209

1

171 0.777 2.56x10“’ 2.94X10“’ 194X10“® 123X10"*
215 177 0.775 2.38X10“’ 3.12X10“’ 205X10“® 134X10"*
247 209 0.774

'

2.30X10“’ 3.20X10“’ 181X10“® 121X10"*
347 309 0.770 1.96X10“’

^ 3,54X10“’ 1 145X10“® 107X10"*
410 372 0.767 1.72X10“’ 3.78X10“’ 135X10“' 107X10“*

492 0.766 1.66X10“’ 3.84X10“’ 106x10“® 86X10"*
652 614 0.763 1.47X10“’ 4.03X10“’ 93X10“® 81X10"*

We may reasonably assume that the change in OH"' concen-
tration is proportional to the amount of substrate which has
undergone hydrolysis. Since at the end of the experiment,
nearly all the hydroxyl is neutralized, we may assume that at
equilibrium the solution would be neutral. If, therefore, the
hydrolysis followed the course of a monomolecular reaction, it

should obey the formula:

k {t - t,) = log^
where

fi is the concentration of the OH“ ions at the time (/J when
the electrode first comes into equilibrium with the solution. On
the other hand, if it followed the course of a bimolecular. reaction,
it should obey the formula:

fe (/ - t^)
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where /? and have the same significance as before. In the sixth

column of the tables are given the constants calculated upon
the assumption that the reaction obeys the monomolecular
formula, while in the seventh are given the constants calculated

upon the assumption that the reaction obeys the bimolecular

formula.

In the tenth and eleventh experiments (with protamine: cf.

Tables X and XI) the reaction was allowed to proceed to a certain

point and then additional alkali was added to the solution in

the cell and the mixture shaken. As at the beginning of the

experiment, the indicated potential at first rises and then falls

after this procedure. The first reading after the maximum

TABLE II.

Empeiument 2. Casein, NaOH saturated*^ with casein to whicti was

added an equal volume of NaOH. 10 milligrams of trypsin in oO cc.

Temperature 15° to 18°.

Time in
minutes
after

mixing.

t-Cu E.M.F.
in volts.

^ou'. X
h

{Alonomolec-
ular),

i
1-

1 (Birnolec-
i iilur).

51 0.837 28.4 X10-’
1

1

59 0 0.836 27.3 X10-' 0
'

69 0.835 2G.2 X10-' 1.1 X10-' 180X10'* ‘ 154 XlO"'
73

1

i-i 0.S33 24.2 X10-’ 3.1 X10-' 375X10'^ 336X10"'
99 0.829 20.6 XlO"^ 6.7 XlO-^ 305X10'^ 296X10"
12G 67 16.2 XlO"-^ 11.1 XIO ' 338 XlO'"" 376X10"'
153 94 12.8 XlO-^ 14.5 X10-' 352X10-'' 445X10"'
197 13S 9.3 X10“' 18.0 X10-' 340X10'" 516X'10"‘
225 166 7.6 X10-' 19.7 X10-' 336X10-^ 574X10"
246 187 6.7 XIO-’* 20.6 X10-' 326X10-'' 600X10"
276 217 R^R 5.95X10-' 21.35X10-' 305X10-^ 604X10"
303 244 RBR 5. 45X10-' 21.S5X10-' 293X10-'' 627X10"
338 : 279 4.7 X10-' 22.6 X10-' 275X10"' 635X 10"

368 4.0 X10-' 23.3 X10-’ 270X10"' 690X10"
408 349 3.7 X10-' 23.6 XJ0-' 250X10"' 070X10"
443 384 3.5 X10-' 23. S X10-' 232X10"' i 642X10"
470 411 3.3 X10-' 24.0 X10-' 224X10"' 654X10"
547 4SS 2.8 X10-' 24.5 X10-' 203X10"' 660X10"'
601 542 2.6 X10-' 24.7 X10-' 190X10"' 656X10"
647 588 2.5 X10-' 24.8 X10-' 178X10"' 627X10"
722 663 2.5 X10-'

t

24.8 X10-' 1

1

157X10"'
'

556X10"'
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TABLE in.

Expeuiment 3. Casbik. NaOH saturated” with casein to which was

added an equal volume of NaOH. 10 millvjrams of trypsin in 50 cc.

Time in
minutes
after

mixing.

t-i\.
E.1LF.
in volts. ^oir. X.

h
(Monomolec-*

ular)

,

Jfc

(Bimolec-
ularj

.

41
’ 0.790 4. 35X10-’

56
\

0
1

0.790 4,35X10-’ 0

96 40 0.785 3. 54X10-’ 0. 81X10-’ 230X10-" 132xl0-‘
112 56 0.783 3.28x10-7 1. 07X10-’ 218X10-" 134X10“"
133 77 0.779 2.79x10-7 1. 56X10-’ 251X10-" 167X10“"
188 132 0.777 2.56X10-7

;

1.79x10-7 175X10-" I 122X10-*
205 149 0.772 2.08x10-7 ! 2.27x10-7 215X10-" '

167X10-*
237 181 0.770 1.96x10-7 2.39x10-7 191X10-®

1

1S5X10-*
271 215

i
0.769 1 1.83x10-7 2.52x10-7

1
175X10“" 147X10-*

305 249 1 0,766 i 1.64x10-7 2.71X10-7 ; 170X10“" 153X10-*
332 1 276 0.765 1.57x10-7 2.78x10-7 160X10“" 147X10-*
388 332 0.764 1.49x10-7 2.86X10-7 140X10“" 133X10-*
486 430 0.762 1.40x10-7 2.95x10-7 115X10“" 113X10-*
626 670 0.759 1.24x10-7 3.11X10-7 96X10“" 102X10“*

TABLE IV.

Experiment 4. Casein. NaOH ” saturated' with casein to which was
added an equal volume of NaOH. 20 milligrams of trypsin in 50 cc.

Temperature 12^ to IJ^.

Time in
minutes
after

mixing,

t-h- E.M.F.
in volts.

^OH‘. z.
k

(MonomoIeC'
ular).

,
k

fBimolec-
ular)

.

33

44 0

0.838

0.836

29,0 X10-’
27,2 X10-’ 0

61 17 0.831 22,4 X10-’ 4.8 X10“7 514X10“* 483X10-*
97 53 15.6 X10-’ 11.6 X10-’ 461X10“* 518X10-*
121 77 12.3 X10-’ 14.9 X10“’ 452X10“* 585X10-*
181 137

IMl 7.6 XlO-’* 19.6 X10-’ 407X10-* 695X10“*
228

1 184
jEna 5.75X10-’ 21.45X10-’ 368X10-* 747X10“*

260 216 0.793 4.9 X10-’ 22.3 X10“’
'

346X10-* 775X10“*
285 241 iwa 4.5 X10-’ 22.7 X10-’ 325X10-* 769X10“*
315 271 4,2 X10-’ 23.0 X10“’ 301X10-* 750X10“*
345 301 3.7 X10-’ 23.5 X10“’ 2S8xl0-» 776X10“*
387 343 0,784 3.4 X10“’ 23.8 X10-’ 264X10-* 750X10“*
431 387 0.782 3.15X10-’ 24.05X10“’ 243X10-* 725X10“*
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TABLE V.

Experiment 5. Casein. NaOH saiuratedf^ with c<i5ein to which u'oa

added an equal volume of NaOH. 10 milligravis of trypsin xa 60 cc.

Teinperaturc 12^ to 15^.

Time in
minutes
after

|

mixing.

t-U.
E.M.F.
in volts. X,

k
(Alonomolec-

ular)

,

\

k
(Bimolec-

ular).

38
1

0.849 46.0 X10-’
57 0.853 54.0 XlO-^
132 0 0.847 42.4 X10-» 0

160 28 0.842 34.6 X10-' 7.8 X10-’ 315X10^^ 189X10"*

197 65 0.834 25.2 XIO-^ 17.2 X10-’ 347X10'^ 248X10"*

216 84 0.831 22.4 X10“' 20.0 X10-’ 330X10“* 251X10"*
243 111 0.827 19.0 XlO-^ 23.4 XlO-^ 316X10“* 262X10"*

264 132 0.823 16.2 X10-’ 26.2 X10-’ 317X10“* 289X10"*

284 152 0.821 15.0 XIO-^ 27.4 X10-’ 297X10“* 284X10"*

299
1

167 0.818
1

12.85X10-’ 29.55X10“’ 310X10“* 326X10"*

322 190 0.815
1

11.8 X10-’ 30.6 X10-’ 293X10“* 322X10"*

359 227 0.809 9.3 XIQ-’* 33.1 X10-’ 290X10“* 370X10"*

397 265 0.805 7.9 X10~’ 34.5 X10-’ 275X10“* 389X10"*

509 377 5. 75X10-’ 36.65X10-’ 230X10“* 390X10"*

581 449 4.5 X10-’ 37.9 X10-’ 217X10“* 443X10"*

1301 1169 2.1 X10-’ 40.3 X10-’ 112X10“* 404X10"*

table VI.

Experiment 6. Protamin. 2 grams of proiamin sulphate to 1 litre of solir

lion. 10 milligrams of trypsin and I .4 cc. of NaOH added to 50 cc.

Time in
minutes
after

mixing.

t-ti.
E.M.F.
in volts. ^ou' .

X.
k

(.Monomolec-
ular}.

A;

(Bimolcc-
ular).

58 0.819 13.8 X10“'
76 0 0.815 11.8 X10“’ 0

98 22 0.810 9.7 X10“’ 2.1 X 10
-’ 393X10“* 83X10“

128 52 0.803 7.3 X10“’ 4.5 XIO"’ 403X10“* 104X10“

169 93 0.796 5.6 X1Q“’ 6.2 XlO"’ 349X10“* 101X10“

193
i

117 0.793 4.9 X10“’ 6.9 XlO"’ 327X10“* ' 102X10“

217 141 0.790 4.3 X10“’ 7.5 XlO“’ 310X10“* 1 105X10“

242 1 166 0.7S7 3.85X10“’ 7.95X10“’ 293X10“* 105X10“'

271 195
!
0.7S5 3.55X10“’ 8.25X10“’ 267X10“* 101X10“'

307 231
1

0.783 3.3 X10“’ 8.5 X10“’ 2-10X10“* 95X10“

410 334 0.7S0
i

2.9 X10“' 8.9 X10“’ 1 182X10“* 78X10"

590 514 0.777

1

2.6 X10“’
1

9.2 X10-’
1

128X10“* 58X10"
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TABLE VII.

Experiment 7, PaoTAiiiN, 2 grams of 'protamin sulphate in 1 litre of solu-

tion, 10 milligrams of trypsin arid 1.5 cc. of^ NaOH to 60 cc.

Time ia
mmute9
after

mixing.

!

i-h. j

i

1

_K.M.F. 1

! in voita.
(

\

1

C^oir. ’

(

X, I

^
(Sfonomolec-

ular)

.

Jfc

(Bimolec-
ularj

,

23 0.847 42.5 X10-’ i

35 0
i

0.843 36.2 XlO"^
1

0

54 19 0.840 32.1 XlO-’ 4.1 X10-’ 279X10'-" 185X10-*
76 41 0.836 27.3 X10-' 8.9 X10-’ 298X10-’ 220X10-*
118 83 0.831 22.4 XlO"' 13.8 X10-’ i 253X10“^" 205X10-*
167 132 0.824 16.9 XlO-’ 19.3 X10-’

;

250X10'-" ; 239X10-*
206 171 0.819 13.85X10-’ 22.35X10-’ 245X10^" 260X10”*
240 ^ 205 0.817 12.8 XlO-’* 23.4 X10-’ 220X10-“" 246X10”*
270 1 235

'

0.815 11.8 X10-’ 24.4 X10-’ 207X10'" 243 XlO”*
309 274 0-813 ! 10.9 X10-’ 25.3 XlO-’ 190X10'" 234X10”*
355 320 0.812 10.5 X10-’ 25.7 X10-' 168X10'" 211X10"°
415 380 0.809 9.3 X10-’ 26.9 X10-’ 156X10'" 212X10“*
4C0 425 0.809 9.3 X10-’ 26.9 XlO-’

1

139X10'" 190X10”*

TABLE via.

Experiment 8. Protamin. W grams of protamin sulphate in 1 litre of

solution. 10 miUigrams of trypsin and 2 cc. of NaOH to 25 cc.

'i ime ii>

minutes
after

mixing.

i-iy.
E.M.F.
in volts.

1

^OH'
1

"
1

•j

k
(MonomolcC'

uiar).

k
(Bimolec-

udarj.

49 0,799 6,2 XIO-^

!

i

i

67 0
!

0.796
!

5.6 X10-’ 0

87 20 0.790 4.3 XlO-’ 1.3 X10-’ i 578X10”* 270X10"*
101 34 0.787 3. 85X10-’ 1.75X10'^ 479X10-* 23SX10~*
125 ! 58 0.782

1
3. 15X10-’ ! 2.45X10'^ 432X10”* 239X10“*

154 87
i
0.777 ! 2.6 X10-’ 3.0 XlO'^ 382X10”* 237X 10-*

210 143 0.771 2.0 X10-’ 3.6 XlO'^ 313X10"* 227X10“*
254 187 0.768 1.8 X10-’ 3.8 XIO'^ 263X10"* 202X10-*
303 236 0.765 1.6 X10-’ 4.0 XIO'^ 231X10"* 1S9X10-*
358 291 0.763 1.5 XlO”’ 4.1 XIO'^ 196X10”* 168X10“*
422 355 0.761 1.4 X10-’ 4.2 XlO'^ '

170X10-* 151X10-*
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TABLE IX.

Expeuiment 9. PuoTAMiN. 10 grams of protamin sulphate in 1 litre oj

solution. 10 milligrams of trypsin and 2.5 cc. of N^aOH to 25 cc.

Time in
minutes
after

mixing.

E.M.F.
in volts. ^oir

.

a k
(Monomolec-

ular;.

.
it

(BimoIeC'
uiar).

60 0.837 2S.5X10-'
85 0 0.833 24.3X10-’ 0

108 23 0.829 20.7X10'^ 3.0X10“' 305X10"^ 311X10~‘

136 51 0.821 15.0X10-^ 9.3X10“’ 411X10“'’ 500X10-'

181
1

96
I

0.812
1

10.5X10-^ 13.8X10“’ 380X10“* 564X10-'

241
j

156 0.802 7.0X10“’* 17.3X10~* 346X10“* 647X10-'

307 222
1

0.795 5.3X10“’ 19.0X10“’ 298X10“* 664X10“'

356 * 271 0.791 4.5X10“’ 19.8X10“’ 270X10“* 668X10-'

oo 315 0.788 4.0X10“’ 20.3X10“’ 249X10“* 664X10-'

453 368 0.785
1

3.5X10“’ 20.8X10“’ 227X10“*
j

663X10-'

502 417 0.782 ' 3.1X10“’ 21.2X10“’ 213X10“* 676X10-'

table X.

Expeuiment 10. PnOTAMXN. 10 grams of protamin sulphate in 1 Hire of

solution. 10 milligrams of trypsin and 2 cc. of NaOH to 25 cc.

Time in
minutes
after

mixing.

E.M.F.
in volts. ^011'. X,

k
(Monomolec-

ular).

I

k
(Bimoicc-

ulnr).

33 0.825

43 0 0.822 15.6 XlO'’ 0

60 17 0.S16 12.3 X10“’ 3.3 X10“’ 611X10“* 101 X 10“*

76 33 0.811 10.05X10"’ 5.45X10“’ 577X10“* 100x10"*mm 47 0.806 8.2 XlO-’* 7.4 Xl0“’ 590X10“* 123X10"*1 59 0.803 7.3 X10“’ 8.3 Xl0“’ 560X10~^ 124X10"*

113 70 0.800 6.6 XlO"’ 9.0 Xl0“’ 533X10“* 125X10“*

19 0.834 25.3 XlO"’
29 0

,

0.833
1

24.3 XlO"’ 0
1

42 13 0.831
j

22.4 XlO"’ 1.9 Xl0“’ 273x10"* : 27X10"*

30 0.S27
!

17.8 X10-’ 6.5 XlO"’ 450X10"*
j

50X10“*

51 0.824
j

16.9 XlO"’ 7.4 XlO"’ 311 XlO"’
J

35X10"*

75 0.821 15.0 XlO"’ 9.3 XlO"’ 279X10"*
j

34X10"*

121 92 0.817 1 12.8 X10“’* 11.5 XlO"’ 303X10"*
1

40X10"*

138 109 0.815 - 11.8 XlO"’ 12.5 XlO-’ 288X10"* 40X10"*

162 S 133 0.S12 10.5 X10“’ 13.8 XlO"’ I 275 XlO"* j 41X10“'

173 O.SOS 8.9 X10“’ 15.4 X10-’

;

252X10"* ! 41X10"*

277 248 , O.SOl 6.7 XlO"’ 17.6 XlO"’ 1 226X10"*
1

1

41X10“’
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TABLE XI.

Expehiment 11. Pkotamin. 10 grams of protamin sulphate in 1 litre of

solution. 10 milligrams of trypsin and 2.1 cc. of ^ NaOH to 25 cc.

Time in
minutes
after

mixing.

E.M.F.
1

in volts.
1

^OH". X.
k

(Monomolec-
ular).

k
(Bimolec-

ular)

.

29 0.832 23.3 XlO ’

38 0 0.831 22.4 X10“’ 0
'

63 25 0.823 16.25X10“’ 6.15X10"’ 559X10"‘ 676X10“'

78 40 0.818 13.3 X10“’ 9.1 X10“’ 567X10"» 765 XlO"'

93 55 0.812 10.5 X10-’ 11.9 X10“’ 601X10"' 920X10"'

109 71 0.808 8.9 XlO-’* 13.5 XlO"’ 565X10"' 954X10"'

124 86 0.804 7.6 X10“’ 14.8 XlO"’ 545X10-'" 943X10"'

132 94 0.802 7.0 X10“’ 15.4 XlO"’ 537X10"' 1046X10"'

13 0.836 27.3 X10“’
23 0 0.835 26.3 X10“’ 0

33 10 0.833 24.3 X10“’ 2.0 XlO"’ 334X10"' 313X10"'

51 28 0.829 20.7 X10-’ 5.6 XlO"’ 371X10"' 367X10"'

72 49 0.826 18.3 X10“’ 8.0 XlO"’ 323X10"' 339X10"'

90 67 0.824 16.9 X10“’ 9.4 XlO"’ 286X10"' 316X10-'

111 88 0.819 13.8 X10“’ 12.5 XlO"’ 317X10"' 391X10"'
123 100 0.817 12.8 X10“’ 13.5 XlO"’ 314X10"' 401X10"'
152 129 0.814 11.3 X10“’*^ 15.0 XlO"’ 285X10"' 391X10"'
170 147 0.812

1

10.5 X10“’ 15.8 XlO"’ 272X10"' 389X10"'
199 176 0.810

1
9.7 X10“’ 16.6 XlO"’ 246X10"' 369X10"'

232 209 0.805 7.9 X10“’ 18.4 XlO"’ 250X10"' 423X10"'
251 228 0.804 7.6 X10-’

1

18.7 XlO"’ 236X10"' 411X10"'

was again taken as indicating the initial concentration and both

the time and the changes in alkalinity were reckoned afresh from

'

this point. The constants were calculated for these latter

observations in the same way as for the observation made before

the further addition of alkali, only the values of /? and of

used were those determined after the addition of the alkali.

III. THEORETICAL CONSIDERATION OF THE RESULTS.

It is at once evident that under certain conditions the trans-

formation follows very closely the monomolecular formula, k

calculated for this formula only varying within the extent of
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the experimental error, while k calculated for the bimolecular

formula progressively increases. This is true for Experiment
5

(cf. Table V) and at once shows that the alkali does not play the

part of an accessory catalysor, for in this experiment the con-

centration of the alkali changes several hundred per cent while

the value of k for the monomolecular formula remains nearly

constant throughout.

On the other hand, under certain conditions, the transforma-

tion follows very closely the bimolecular formula, k calculated

for this formula being practically constant, while k calculated

for the monomolecular formula progressively decreases. This

is true for Experiments i, 3, 6, 8 (cf. Tables I, III, VI and VIII).

Under certain intermediate conditions the reaction is mono-

molecular in its initial stages and bimolecular in its latter stages.

This is true for Experiments 2, 4, 7 and 9 (cf. Tables II, IV, VII

and IX).

It is at once evident that the condition which determines

whether the transformation is monomolecular or bimolecular

in character is the hydroxyl concentration. In the tables

embodying the results for those experiments in which the order

of the reaction changes during its progress, the approximate

OH“ concentration at which the change in the order of the reaction

occurs, is indicated by an asterisk. It will be seen that it is

always in the neighborhood of io”“ OH". At hydroxyl concen-

trations in excess of this, the reaction is monomolecular, at

hydroxyl concentrations which are less than this the reaction

is bimolecular. For a small range of intermediate alkalinities,

the order of the reaction is indeterminate. This interpretation

is further confirmed by Experiments 10 and ii. In these the

reaction evidently approaches in its initial stages the monomole-

cular type, but as the OH~ concentration approaches the limit

io~® OH~ the order of the reaction becomes indeterminate.

Were the system left to itself, judging from the results of the

other experiments, the reaction would thereafter approach more

and more closely the bimolecular type. Upon adding alkali,

however, the reaction again becomes of the monomolecular type,

and only as the alkali again approaches the limit io~“ OH does

the order of the reaction become indeterminate or bimolecular.

The bimolecular formula indicates a greater decrease in the vel-
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ocity of transformation than is indicated by the monomolecular

formula. That this greater decrease in velocity is not due to

hydrolysis and conse(^uent destruction of the trypsin, is shownby

the fact that it occurs at the same OH"” concentration independ-

ently of the time consumed in reaching that point, and that it

occurs from the very beginning in precisely those solutions which

contain the least hydroxyl, and in which, therefore, the destruction

of the trypsin is slowest. That it is not due to the depressing

effect of the products, is shown by the fact that it occurs from the

very beginning of the transformation in certain solutions and

that, moreover, if, instead of taking the total amount of alkali

present at the beginning of the experiment as proportional to

the amount of substrate hydrolyzed, we take the amount initially

present less the amount still left in the solution after a consider-

able lapse of time, we obtain no better agreement with the mono-

molecular formula. That it is not due to a “lagging behind**

of the equilibrium between the electrode and solution is shown

by the fact that it occurs in just those solutions in which the

change in OH” concentration due to hydrolysis is least rapid.

That it cannot be due to purely experimental errors in the

determination is shown by the fact that the displacement in the

estimated value of the constant for the monomolecular formula

is always in one direction while the experimental error would be
indifferently positive and negative.

The precise degree of alkalinity at which the reaction changes

character is evidently independent of the nature of the substrate,

since it is unaltered by substituting for the predominantly acid

protein casein, the predominantly basic protein, protamine.
The phenomenon is one, therefore, which primarily depends upon
some relation which subsists between the alkali and the trypsin
and not upon properties peculiar to the substrate or its products.
While we do not intend to offer this as a final explanation of these
phenomena we may point out that they are similar to those which
would be obtained were the true catalysor a hydrolyzable com-
pound of trypsin with NaOH (or other base). Were this the
case it is evident that so long as there were enough NaOH
present to combine with all the trypsin, the reaction would be
monomolecular (provided the hydrolysis of the substrate were
Itself a monomolecular reaction, a fact which the observers
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quoted in the introduction have established), while if the NaOH
present were insufficient to combine with all the trypsin then

the amount of catalj'-sor present in the system would be propor-

tional to the concentration of sodium hydrate, and the constant

k, in the monomolecular formula would vary directly as the OH"

concentration; that is, the transformation would be represented

by a bimolecular formula.

An examination of the experimental data shows that in every

case an apparent equilibrium is attained, the rate of change of

hydroxyl concentration becoming inappreciable: as this is

approached the constants calculated from both formulas rather

suddenly fall off. This equilibrium is, however, probably not a

true equilibrium between the substrate and its products for

the following reason; The position of equilibrium, as judged

by the amount of alkali neutralized, varies very much with the

initial concentration of the alkali in the system—the same amount

of casein or protamine will evidently neutralize very varying

amounts of alkali before reaching apparent equilibrium, accord-

ing to whether the alkali is initially added in great or small

amount. This varying alkali binding power of the system is very

much greater than could be accounted for by the action of OH
ions in increasing the alkali-binding power of an amphoteric

electrolyte; and moreover occurs when casein is used as a sub-

strate, a protein which attains its maximum alkali-binding

power in practically neutral solutions,' while one, at least, of its

products is an even stronger acid than casein itself (paranuclein).'

Furthermore, not only is the position of apparent equilibrium

determined by the quantity of alkali initially added to the system

but it is likewise shifted if the alkali be added during the progress

of the reaction.

We are thus left with two alternatives: either the alkali shifts

the point of true equilibrium between the protein and its prod-

ucts and hence also shifts the observed equilibrium, or else the

observed equilibrium is a ‘‘false” equilibrium, depending upon

the sum of the relations between the protein, its products, the

trypsin, and the alkali. The former alternative cannot be

* Since its neutral salts obey Ostwald’s dilution law. Cf. F. Brailsford

Robertson: Journal of Physical Chem., xi, p. i9®7-

’Cf. Gustav Mann: "Chemistry of the Proteids," p. 395. ’9°^.
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accepted because in that case work would be performed in

changing the OH*" concentration and the decomposition of the

substrate could not, since the OH’' concentration varies during

hydrolysis, be monomolecular in character at any stage of the

reaction or at any (variable) alkalinity. Taylor's investigations,^

which were carried out at an alkalinity considerably greater

than lo*’®, as well as our own rule out this alternative

and we are forced to the conclusion that the station of rest

in the system trypsin -f protein 4- alkali corresponds to a com-

plex equilibrium in which the protein, trypsin and alkali are

all involved.

The investigations described above show clearly in what the

“optimum” alkalinity of a tryptic digest consists. Evidently

at concentrations of alkali below (at the point at which

rosolic acid changes from rose to red)^ the velocity of the reaction

falls of! more rapidly than it would were the alkalinity higher;

hence alkalinities higher than this secure a greater amount of

hydrolysis in a given period of time. A lower limit of the

“optimum” alkalinity is thus established. At alkalinities

greater than this, further increase in OH’" concentration should

be without effect until its action in accelerating the destruction

of trypsin becomes appreciable. Thus an upper limit of the

“optimum” alkalinity is also established; this has been estimated

by Taylor to be about 0H“',^

Some experiments upon the progressive diminution in acidity

of a peptic digestion of casein were also carried out, but while
they succeeded in demonstrating that such changes do occur,

the total change was so small that accurate determinations could
not be successfully made, since any experimental error would
form a considerable proportion of the total change indicated.

Moreover, in this case the curves indicating the approach to
equilibrium of the electrode and the changes in the H"^ concen-
tration of the solution do not cut one another, but tend con-
tinually to diverge and it is, therefore, uncertain to what extent
the readings are influenced by the incomplete equilibrium of
the electro<le; for, in any minimal displacement of equilibrium,

‘ A. E faylor: Univ. of Calif. Piibl. Pathol,, i, p. 7, 1904.
’Cf. E. SaJm; i^ciischr. f. physikaL Chem., Ivii. Heft. 4 . ino6.
*A, E. Taylor' Loc. cii.
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the changes taking place in the solution instead of rectifying it,

as in alkaline digests, would only magnify the displacement.

IV. SUMMARY.

(1) The progressive changes in alkalinity of tryptic digests of

casein and of protamine have been followed by means of the

gas-chain.

(2) It is found that the progressive changes in OH“ concen-

tration of the digests can be expressed by a monomolecular

formula when the total OH~ concentration is greater than io“*

and by a bimolecular formula when the OH" concentration lies

between this and the concentration at neutrality. For a short

range of intermediate alkalinities the order of the reaction is

indeterminate.

(3) It is pointed out that the above facts are inconsistent with

the view that the OH" ions in a tryptic digest play the part of

an accessory catalysor, and, while we do not advance this as an

explanation of the phenomena, we have nevertheless pointed

out that they are such as would be observed were the real catalysor

in these systems a hydrolyzable compound of trypsin with the

NaOH or other base present in the system.

(4) Reasons have been advanced for believing that the apparent

condition of equilibrium, as regards changes in OH" concentra-

tion, which is sooner or later reached in these systems, does not

consist in a true equilibrium between the protein and its products

but in a “false” equilibrium depending upon the sum of the

relations between the protein, the trypsin, and the alkali.
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The nitrogen-methyl derivatives of cytosin, thymin and uracil

are* of especial interest because of the occurrence of methyl-

purins in nature. Purins may be considered as compound rings

in which imidazol has been grafted into pyrimidins. A similar

relationship exists between 3-methyluracil, IV, 1,3-dimethyl-

uracil, VI, and the purins, theobromin, III, theophyllin, V,

and caffein, VII, as exists between uracil, II, and xanthin, I.

NH—CO
1 1

NH—CO
CO CNHv 1 1

1

1
\ CO CH

1
CH

! 11

NH— CHNH—

(

:n
I II

NH—CO
I 1

NH—CO
I 1

1 1

CO CNCH,
1 1

CO CH

ly 1 II

CH,N CH.
CH3N (

III IV

CHjN^CO
1 1

CHjN—CO
1 1

CH,N—CO
1

1

1 1

CO CNHv
1 a \

1 1

CO CH
""

1 11

1 1

^ CO CNCH.
1 XH

1 l>1 1 CH3N—CH
CH3N—CN CH,N—CN^^"

V VI

49

VII
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These alkyl derivatives are also of interest because of the

possibility that future investigations may show the presence

of methylpyrimidins in animal or vegetable organisms. It is

interesting to note here that Suzuki, Aso and Mitarai,^ in a

paper titled “Ueber die chemische Zusammensetzung der

japanischen Sojasauce oder Schoyu,” have described a decom-

position product of Schoytt to which they have assigned the

empirical formula CaHaNj. They state that the compound is

probably an isomer of aminodimeihyl pyrimidin}

We shall describe in this paper the syntheses and properties

of 3-methylcytosin, VIII, i-methylthymin, IX, 3-methylthymin,

X, 1,
3-dimethylthymin, XI, and 1,3-dimethyluracil, VI.

N=C.NH, CHjN CO NH—CO
II II II
CO CH CO CCHj CO CCHj

I II I II I II

CHj.N— CH NH—CH CH^.N CH
VIII IX X

CHjN—CO CHjN—CO
I I II
CO CCH, CO CH

I II I II

CH,N—CH CHjN—CH
XI VI

Two nitrogen-methyl derivatives of thymin and uracil have

been described in the literature, viz: 1,3-dimethylthymin, XI,

and i-methyluracil, XII. Dimethylthymin® was prepared by

heating the mono-potassium salt of thymin with methyliodide

at 150°. We prepared this compovmd and also t,3-dimethyl-

uracil, VI, by warming thymin and uracil respectively in alco-

holic solution with the required proportions of potassium

hydroxide and methyliodide.

i-Methyluracil, XII, was described in a paper from this

laboratory^ and was prepared in the following manner:

^ C. Blatt; ii, 1649, 1907. Bull. College Agr., Tokio, vii, 477.

’ Schwarze: Jount. f. prakt. Chem., xHi, p. i; Schlenker: Ber. d. dcutsch,

chem. GcscUsch., x.x.xiv, p. 2S19; Schmidt: ibid., xx.w, p. 1577.

*Steudel: Zeitschr. physiol. Client., xxx, p. 539.

‘Johnson and Heyl: Ainer. Client. Jount., xxxvii, p. 62S.
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i-methyl-2-pseudoethylthiourea was condensed with the sodium

salt of ethyl fonnylacetate giving i-niethyl-2-ethylmercapto-6-

oxypyrimidin, XIV. This same mercaptopyrimidin was also

obtained by treatment of 2-ethylmercapto-6-oxypyrimidin, XIII,

with methyliodide in presence of alkali. Hydrolysis of this mer-

captopyrimidin with hydrochloric acid gave i-methyluracil, XIL

NH-
1

~co
t

CHjN-
1

-CO
1

CH3N—
[

-CO
1

1

C^H^SC
1

CH
1

C2H3SC
1

CH -
1

-> CO
1

CH
!l 11 ii 11 1 11

N

—

-CH -CH NH-~CH
XIII XIV XII

We now find that 2-ethylmercapto- 5-methyl-6-oxypyrimidin

XV, reacts with methyliodide in presence of potassium hydroxide

giving about equal proportions of the two isomeric pyrimidins

—

1.5-

dimethyl-2-ethylmercapto-6-oxypyrimidin, XVI (m. 65°) and

3.5-

dimethyl-2-ethylinercapto-6-oxypyrimidin, XVII (m. 156®),

Hydrolysis of these mercaptopyrimidins with concentrated

hydrochloric acid gave i-methylthymin, XVIII (m. 202® to

205°) and 3-methylthymin, XIX (m. 280° to 282°), respectively.

NH~CO
1 1

CjHsSC CCHj

N CH
XV

CHjN—CO
I I

CjHjSC CCHj

It 11

N—CH
XVI

i

CH,N CO
I 1

CO CCH3

I II

NH~CH
XVIII

N—CO
11 I

CjHjSC CCH,

1 11

CH3N—CH
XVII

i

NH—CO
1 1

CO CCHj

1 II

CH,N CH
XIX



52 Researches on Pyrimidins

The structures of the isomeric methylthymins and incidentally

the corresponding mercaptopyrimidins were established in the

following manner: Wheeler and Johnson^ have shown that cyto-

sin reacts smoothly with bromine water giving oxydibromhydro-

uracil, XX. When this hydropyrimidin was digested TOth

alcohol it was converted quantitatively into 5-bromuracil,

XXL Since the 6-amino radical is removed by this treatment,

N
j

=CNHj
1

NH—CO
1 1

NH-
1

-CO
1

1

CO
1

CH
1 1

CO CBrj ->
1

CO
1

CBr

1 11 1 1 1 11

NH— CH NH—CHOH NH CH
XX XXI

it seemed probable to the writers that substituted cytosin

derivatives would behave in a similar manner giving substituted

uracils. Our experimental data confirms this assumption. We
find that cytosin reacts with methyliodide in presence of po-

tassium hydroxide giving 3-methylcytosin, VIII. This pyri-

midin reacted with bromine water giving a quantitative yield of

3-methyIoxydibromhydrouracil, XXII. When this hydropyri-

midin was warmed with alcohol it was converted into 3-methyl-

5-bromuracil, XXIII, melting at 255° to 260°. The isomeric

I -methyl-5-bromuracil- XXIV, melts at 228° to 229°. 5-Meth3d-

cytosin apparently reacts with methyliodide in a similar man-

ner as cytosin giving 3, 5-dimethylcytosin, XXV. When this

N==
1

CNH,
1 1

-CO
1

NH-
1

-CO
I

CH3N CO
1 1

1

CO
1

CH -
1

CO
1

CBr^ -
1

CO
1

CBr
1 1

CO CBr

1

CH3N

—

11

-CH
i

CH3N— 1

-CHOH
1

CH3N
11

-CH
1 11

NH—CH
VIII XXII XXIII XXJV

pyrimidin was treated successively with bromine water and

alcohol, it was converted quantitatively into 3-methylthymin,

XIX, melting at 280° to 282°. This result also proves that the

‘ This Journal, iii, p. 183.

’Johnson and Heyl: Loc. cit.
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N==CNH2

1 I

CO CCH3

I II

CH3N-^CH
XXV

NH—CO

CO o
Br

NH—CO
! I

CO CCH3

I 1

CH3N CHOH CH3N-
XIX

-CH

mercaptopyrimidin, XVII, which melts at 156°, is a 3-methyl

derivative since it gives 3-methylthyinin on hydrolysis.

The introduction of methyl groups into uracil, thymin, and

cytosin, has a similar influence on their physical properties as

in the case of purins. They increase the solubility and lower

the melting points. For example : while urac^ and thymin are

difficultly soluble in alcohol, the methyl derivatives of these

pyrimidins dissolve easily in this solvent and are moderately

soluble in cold water. The 3-methyl derivatives of 2-ethyl-

mercapto-5-methyl-6-oxypyrimidin, thymin and 5-bromuracil

are more soluble in water than the isomeric i-methylpyrimidins.

It is also interesting to note that the 3-methylpyrimidins

melted higher, in every series examined, than the isomeric

i-methylpyrimidins

:

2-Ethylinercapto-l ,5-dimethyl-
6-oxypyrimidin.

(65*^)

l-Methylthymin.

(202° to 205°)
1-Methyloxynitrohydrothymin.

(135° to 136°)

l'Methy]-5-bromuracil.

(228° to 229°)

2-

Ethylmercapto-3,5-dimethyl-

6-oxypyrimidin.

(156°)

3-

Methylthymin.

(280° to 282°)

3-Methyloxynitrohydrothymin.

(178° to 181°)

3-Methyl-5-bromuracil.

(255° to 260°)

i-Methylthymin and 3-methylthymin reacted in a similar
manner with fuming nitric acid as thymin giving characteristic

oxynitrohydrothymins,* XXVIII and XXIX.
CH

3N CO NK—CO
1 I

/CH3
I 1

/CH,
CO C<( and CO C<^

1 1
^NOj

I 1

NnOj
NH— CHOH CHjN CHOH
XXVIII XXIX

Johnson: Amer. Chem. Journ., xl; This Joiirttal, iv, p. 407 .
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Conductivity measurements on thymin and its methyl deriva-

tives disclosed the interesting facts that thymin and 1,3-dimeth-

ylthymin gave practically constant conductivities at 25°. On the

other hand, i-methylthymin and 3-methylthymin gave abnormal

conductivities which increased with the length of time these

pyrimidins were kept in solution (see Appendix) . This inter-

esting behavior is possibly due to a slow hydrolysis of the

pyrimidin ring giving, in solution, /?-uraminoacrylic acids,

XXVI and XXVII.

I 3345 6

N(CH3).C0.NH.CH;C(CH3).C0->CH3NH.C0.NH.CH:C(CH3).C00H.

J I

XXVI

123 456
NH.C0.N(CH3)CH;CH.C0 -> H,N.CO.N(CH3).CH:C(CH3).COOH
1

^1

XXVII

The methyl derivatives of thymin, described in this paper,

should be of interest to the pharmacologist. It is a well known

fact that the methylated dioxypurins possess a pronounced

diuretic action. Sweet and Levene* have recently shown that

the administration of thymin to a dog also caused a most pro-

nounced diuresis. Whether the methylated thymin will possess

a higher diuretic action than thymin must be decided by further

study.

EXPERIMENTAL PART.

2-Ethyhnercapto- 1 ,s-diniethyl-6-oxypyriinidiii;

CH3N—-CO
I !

C3H3S.C C.CH3

II II

N—CH

Five grams of 2-ethylmercapto-s-methyl-6-oxypyrimidin and

a molecular proportion of potassium hydroxide (1.6 grams)

were dissolved in boiling 95 per cent alcohol. An excess of

' Journ. of Expcr. Med., i.\, p. 339.



Treat B. Johnson and Samuel Clapp 55

methyliodide was then added and the solution boiled for about

one hour when it no longer reacted alkaline to turmeric. The

undissolved potassium iodide was filtered off and the filtrate

heated on the steam-bath to remove the excess of alcohol. We
obtained an oily residue, which deposited a mixture of 2-ethyl-

mercapto- 1, 5-dimethyl-6-oxypyrimidin and unaltered 2-ethyl-

mercapto-5-methyl-6-oxypyrimidin, when triturated with cold

water. The filtrate contained the isomeric 2-ethylmercaptd-

3.5-

dimethyl-6-oxypyrimidin (see below). 2-Ethylmercapto-

1.5-

dimethyl-6-oxypyrimidin was freed from the unaltered

material by treatment with a small volume of a cold, dilute

solution of sodium hydroxide. The weight of the crude pyri-

midin was 2.1 grams or 30 per cent of the theoretical. It was
purified for analysis by crystallization from hot water, and
separated, on slow cooling, in long, slender prisms which melted

at 65® to a clear oil without effervescence. It did not contain

water of crystallization. It was dried for analysis over sulphuric

acid (Kjeldahl)

:

Calculated for
CsHnON2S: Found:

N 15.22 15.17

2-Ethyhyiercapio-3,^-dimethyl-6-oxypyrimidin:

N—CO
II I

C2H5SC CCH3

I II

CH 3N—CH

In order to isolate this pyrimidin from the above filtrate, the
solution was evaporated to dryness and the residue extracted
several times with cold chloroform. When the chloroform
was evaporated, at ordinary temperature, 1.8 gram of the
crude pyrimidin were obtained, or 33.4 per cent of the theo-
retical. The compound crystallized from benzene in prisms
which melted at 156® to a clear oil without effervescence. It
was dried for analysis over sulphuric acid (Kjeldahl)

;

Calculated for
C^jHjsON^S: Found:

^ 15.22 15.20
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i,S-Dimeihyl-2,6-dioxypyriniidin {i-meihylthymin)

:

CHjN CO
1 !

CO CCH3

1 II

NH—CH

A quantitative yield of this pyrimidin was obtained when
2-ethylmercapto-i,5-dimethyl-6-oxypyrimidin was digested with

hydrobromic acid until the evolution of ethylmercaptan ceased

(8 hours). The acid solution was then evaporated to dryness

and the pyrimidin crystallized from water. It separated in

aggregates of stout prisms which melted at 202° to 205°, with

effervescence, to a clear oil. The compound was readily soluble

in boiling alcohol and acetone. It did not contain water of

crystallization. Analysis:

0.26S0 gram of substance gave 0.5081 gram of COj and 0.1379 gram HjO.

Nitrogen determination (Kjeldah!):

Calculated for Found:
CJIsO.Ns: I. 11. III.

C 51.43 51.71

H 5.71 5.71

N 20.00 20.07 20.07

y,p-Dimethyl-2,6-dioxypyriinidm {y-meihylthymin)

:

NH—CO
I i

CO CCH3

I II

CHjN CH

This pyrimidin was not the only product formed when

2-ethylmercaptO'3,5-dimethyl-6-oxypyrimidin was digested with

hydrobromic acid for 5 hours. When the acid solution was

evaporated to dryness, we obtained a mixture of 3-methyl-

thymin and a compound which was difficultly soluble in cold

water. The latter was soluble in warm alcohol and crystallized

from hot water in needles melting at 229° to 230°, without

effervescence to a clear oil, It was soluble in alkalies and gave

a strong test for sulphur. The analytical determinations indi-
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cated that the compound was 2-iliio-j,j-ditnethyl-6-oxypynmidin.

Analysis (Kjeldahl)

;

\H— 1'{)

1 I

CS CCH,

1 11

CH3N CH
Calculated for Found:
CcHsONsS; I. II.

N 17.95 18.4 18.3

3-Methylthymin is more soluble in cold water than this

2-thiopyrimidin and separated, nearly pure, when the aqueous

filtrates (above) were concentrated and cooled. It was purified

for analysis by recrystallization from water and melted, when
heated slowly, at 280® to 282° to a clear oil. This pyrimidin

showed a very characteristic behavior when crystallized from
hot water. When the hot, saturated, aqueous solution was
quickly cooled, the pyrimidin separated immediately as a bulky,

homogeneous mass of long, prismatic needles. On standing,

these prisms soon disintegrated, apparently redissolved, and
were replaced by characteristic octahedral prisms. The trans-

formation was complete in a few miiiutes. The compound
did not contain water of crystallization. Analysis (Kjeldahl)

:

Calculated for
CoHj,02N2: Found:

20.00 19.91

i-Meihyl-^-brom-^^-oxyhydroihymin:

CH3N CO

I I

/CH3
CO c<;

i
nsr

NH— CHOH

This compound was obtained when i-methylthymin was dis-
solved in an excess of bromine water and the solution allowed
to evaporate in a vacuum over sulphuric acid. It crystallized
from bromine water in stout prisms and melted, on slow heating,
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at about 123° to 125° to a clear oil. It was dried for analysis

over sulphuric acid (Kjeldahl)

:

Calculated for
CoHsOaNaBr: Found;

N 11 . SI 11.92

i-Methyl-s-niiro-^-oxyhydrothymin:

CH3N CO

I
i/CH,

CO c<

1

|\no,
NH— CHOH

This compound was prepared by dissolving i-methylthjTnin

in a small volume of fuming nitric acid (sp. gr. 1.5) and allowing

the solution to evaporate spontaneously in the air. It deposited

in well-developed prisms melting at about 135° to 136° with

effervescence. Analysis;

I. 0.0S44 gram substance gave 15.5 cc. moist at 21° and 72S mm.
II. Nitrogen determination (Kjeldahl):

Calculated for Found:
CflHeOsNa; I. H.

N 20.69 20. S4 21.1

^-Meihyl-j-nitro-^-oxyhydrotJiymin:

NH— CO

CO

CH,N-

1

/CH3
C<^ .H„0

l^NO,
-CHOH

This pyrimidin was prepared in the same manner as its isomer.

It separated in large prisms which decomposed at about 178°

to 181° with effervescence. This decomposition point varies

according to the rate of heating. A nitrogen determination

indicated that the compound contained one molecule of water of

crystallization. It slowly underwent decomposition when heated

at 100°. Analysis (Kjeldahl)

:

Calculated for Calculated for

CoHoO.,.V.i.H20: CclhOiNr. Found:

19.00 20.09 IS . 74N



Treat B, Johnson and Samuel H. Clapp 59

Mono-potdssium salt of thymin:

k:n CO

1 1

CO C.CH3

1 II

NH—CH

Finely pulverized thymin and a molecular proportion of

potassitim hydroxide were dissolved in boiling absolute alcohol

and the solution boiled for four hours. The potassium salt

separated, on cooling, in long needles. It was purified for analy-

sis by recrystailization from 95 per cent alcohol. Nitrogen

determinations in the salt, dried to a constant weight at no®,

agreed with the calculated value in a mono-potassium salt of

the closed ring (Kjeldahl)

:

Calculated for Found;
CsHsOjNjK: I, 11.

N 17.07 17.22 17.32

j, S’Dimeihylthymin:

CH3N—CO
1 1

CO C.CH 3

I 11

CH 3
N—CH

This p3rrimidin was first described by Steudel.^ We obtained
the same derivative, in a smooth manner, under the following

conditions: Five grams of thymin and 4.6 grams of potassium
hydroxide were dissolved in 90 cc. of 95 per cent alcohol and
an excess of methyl iodide added to the warm solution. The
solution was boiled for twenty minutes, then evaporated to
d^ness, and the crystalline residue extracted several times
with cold chloroform. When the chloroform was evaporated
we obtained 2.7 grams of the dimethyl pyrimidin. It was
very soluble in water and chloroform and difficultly soluble in
ether and petroleum ether. It crystallized from alcohol *in

* Loc, cii.
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long needles melting sharply at 153° to a clear

(Kjeldahl) :

Calculated for
CjHioOjNo:

X IS. IS

i,j-Di»iethyl~j-bro)}i-^-oxyhyd)'othy}nin:

CHjX—CO
I I

/CH,
CO c\

I
nBr

CH,X—CHOH

Was prepared by dissolving i, 3 -dimethylthymin in bromine

water. When the aqueous solution Avas concentrated in a

vacuum, the pyrimidin separated in prisms melting at 132° to

133° to a clear oil. Analysis (Kjeldahl)

:

Calculated for
CrHiiOaNjBr: Found:

N 11. 10 11.25

M0)10-potassitini salt of uracil:

KX CO

CO CH.H3O

! II

iXH~ CH

One molecular proportion of potassium hydroxide Avas dissolved

in 450 cc. of absolute alcohol and 13 grams of finely pulverized

uracil suspended in the solution. After digesting for eight hours

the uracil Avas completely changed into the potassium salt.

It Avas difficultly soluble in absolute alcohol and very soluble

in cold Avater. It separated from dilute alcohol in balls of long

needles. The. yield Avas quantitative. The salt contained one

molecule of Avater of crystallization Avhich Avas determined by

heating at 120°.

I. 0 . 33 ()5 gram substance lost 0.0351 gram HoO.

II. 0.2871 “ it “ 0.0302 “ “

Calciilate<l for
C.HaOjNjK.HjO:

Found:
I. II.

HjO 10.70 10. -{3 10.52

oil. Analysis

Found:

18.32
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Nitrogen determination in salt dried at 160® (Kjeldahl)

:

Calculated for Found:
C4H5O2N2K: I. II.

N 18.67 18.51 18.55

Potassium determination in the hydrous salt: /

0.1727 gram substance gave 0.0775 gram KCl.

Calculated for Calculated for

C4H3O2N2K.H2O: C4H3O2N2K:: Found:

K 23.21 25,98 23.55

Nitrogen determination in hydrous salt (Kjeldahl):

Calculated for Calculated for
C4H3O2N2K.H2O: C4H3O2N2K: Found:

N 16.67 18.65 16.81

i.yDimethyhiracil:

CH3N—CO
I I

CO CH
I II

CH3N— CH

This compound was prepared by warming, in alcoholic solution,

molecular proportions of potassium hydroxide and the potas-

sium salt of uracil with an excess of methyliodide. After
boiling for three hours the solution was evaporated to dryness
and the pyrimidin extracted with chloroform. It crystallized

from a mixture of alcohol and ether in long, slender prisms which
melted at 12 to 122°. It was extremely soluble in cold water,
alcohol and chloroform, but insoluble in ether and petroleum
ether. Nitrogen (Kjeldahl)

:

Calculated for Found:
CoHs02N2 : I. II. III.

N 20.00 20.05 20.06 20.24

i%3'DUnethyUdibromoxyhydroiiracil:

CH3.N—CO
1 1

CO CBr,

CH5.N—CHOH
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This pyrimidin crystallized from bromine water in micro-

scopic prisms with curved outline. It melted at 135° to 136°

to a clear oil. Analysis (Kjeldahl)

:

Calculated for
CoHsOsNnBrj; Found:

N S.S6 9.0

I, ^-Dimethyl-^-bromiiracil:

CHjK—CO
I I

CO CBr

I II

CHsN— CH

This compound was prepared by digesting the above hydro-

uracil derivative ivith absolute alcohol. It was purified for

analysis by recrystallization from water and melted at 181° to

182° to a clear oil. Analysis (Kjeldahl)

:

Calculated for
CoH703N3Br: Found:

N 12.79 13.0

2-Oxy-y-methyl-6-aminopyrimidm {^-niethylcytosin)

:

N=C.NHj
1 I

CO CH

CH3.K—CH

Six and eight-tenths grains of anhydrous cytosin and 3.4

grams of potassium hydroxide were dissolved in 60 cc. of boil-

ing, absolute alcohol, and 16 grams of methyl iodide added to

the solution. After boiling for two hours the solution was

evaporated to dryness and the residue of pyrimidin and potas-

sium iodide dissolved in cold water. The iodine was removed

with silver sulphate and the excess of silver by precipitation with

hydrogen sulphide. The sulphuric acid was then quantitatively

removed with barium hydroxide and the filtrate from barium

sulphate concentrated to a small volume. The base was pre-

cipitated from this solution with a hot, saturated solution of

mercuric chloride and the mercury precipitate decomposed in
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the usual way with hydrogen sulphide; the chlorine removed

with silver sulphate, the excess of silver with hydrogen sulphide,

and the sulphuric acid with barium hydroxide. When this

solution was evaporated to dryness we obtained about i . i gram
of the pyrimidin associated with a small amount of unaltered

cytosin. The small yield is partly explained by the fact that the

base volatilizes with aqueous vapors. It was purified by recrys-

tallization from methylalcohol. It separated in beautiful,

distinct prisms which decomposed at about 278® to 279° to a

dark oiL This decomposition point varies according to the

rate of heating. The base was extremely soluble in water and
did not contain water of crystallization. Analysis (Kjeldahl)

:

Calculated for Found:
GaHiONa: 1. 11.

N 33.60 33.57 33.9

The chloroplaiinaie of ymeihylcytosin:

Was prepared by adding a solution of platinum chloride to a
hydrochloric acid solution of the base. It crystallized from
water in long, slender prisms. The salt contained two molecules
of water of crystallization which was determined by heating at
120^.

I- 0.0513 gram salt lost 0.0028 gram HjO,
II. 0.2103 « « O.OUl “

III. 0.0841 « “ « 0.0045 " “

Calculated for Found:
{C5HrON3.HCl)2.Pt CU,2H^O: I. II. III.

KjO 5.18 5.45 5.28 5.35

Platinum determination in anhydrous salt

:

I. 0.0478 gram salt gave 0. 0142 gram Pt.
II. 0.1991 “ “ “ 0.0591 “ ''

in. 0.0793 « « “ 0.232 “

Calculated for Found

:

(C5H,ON2.HCl)j.PtCU; I. H. III.

Pt 29.5-1 29.71 29.68 29.26

Picraie of ^-niethylcyiosin:

This salt was very insoluble in cold water, and crystallized
from hot water in long prisms. The decomposition point varies
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greatly according to the rate of heating. When heated slowly

it decomposed at about 280° with effervescence. Analysis:

0.1351 gram substance gave 2S.7 cc. Xj at 25° and 770 mm.
Calculated for

C.:n,ON2.CeHiOrS3: Found:

N 23.73 2-1.0

£-Methyl-^-bromiiracil:

XH— CO

! I

CO CBr

I II

CHj.X CH

When 3-methylcytosin was dissolved in a little cold water and

liquid bromine added to the solution, a heavy precipitate was

obtained. This dissolved immediately, on warming, and after

heating about ten minutes on the steambath, the solution was

evaporated to dryness under diminished pressure. The residue

obtained was then dissolved in a small amount of absolute

alcohol and the solution boiled for five hours. On cooling, the

brompyrimidin separated in needles. It crystallized from hot

water in long, slender, distorted needles. They decomposed

at about 255° to 260° to a clear oil with practically no effer-

vescence. The compound was soluble in cold, dilute sodium

hydro.xide solution and was precipitated again by acetic acid.

It gave a strong test for bromine. A mixture of the pyrimidin

and the isomeric i-methyl-5-bromuraciH melted at 175° to

195°. A mixture of the pyrimidin and 5-bromuracil melted

from 230° to 270°. It did not contain water of crystallization.

Analysis (Kjeldahl)

:

Calculated for Found:
CiMsOaNoBr: I. H.

N 13.00 13.53 13. OS

2-Oxy-6-methylphenylaminopyrimidin:

.\w-=c.N(CH,) (C,HA

I I

CO CH
I II

XH— CH

* Johnson and HeyJ: Loc. cit.
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Ten grams of 2-ethylmercapto-6'Chlorpyrimidin and two

molecular proportions of monomethylaniline (twelve grams)

were dissolved in dry benzene and the solution boiled for eight

hours. The benzene was then evaporated, the residue dissolved

in ammonia and the excess of monomethylaniline removed by

distillation with steam. When this solution was concentrated

we obtained the mercaptopyrimidin as an oil which did not

solidify on standing. The crude mercapto derivative was con-

verted into the oxygen derivative by digesting with hydrobromic

acid. The yield was 80 per cent of the theoretical. The com-

pound is very insoluble in water and chloroform and crystallizes

from alcohol in beautiful hexagonal tables which do not decom-

pose below 285°. Analysis (Kjeldahl)

:

Cali’ulated for

CnHjiONa: Found:

N 20.90 20.71

2-0xy-j-i)iethyl-6-meikylphenylammopynmidm:

\=CN(CH3) (QH.)

! i

CO CH
! II

CH3N—CH

Seven and five-tenths grams of 2-oxy-6“methylphenylamino-
pyrimidin, 2.1 grams of potassium hydroxide, and 12 grams
of methyliodide were dissolved in 150 cc. of absolute alcohol
and the solution boiled for two hours. The solution was
then evaporated to dryness and the residue extracted with
chloroform. When the chloroform was evaporated we obtained
the hydriodide of the pyrimidin base. The base was obtained
by decomposing the salt with sodium hydroxide and weighed
5*5 grams or 69 per cent of theoretical. It crystallized from
water in long, striated prisms which melted sharply at i 36° to
187° to a clear oil without effervescence. Analysis (Kjeldahl):

Calculated for

CuUinONa; Found:
^ 10.53 19.78

2'Oxy-j,^^di}}ieihyl-6-aminopyrimidin {s,S''^^^neihyUcyiosin):

N=C.NHj
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5-Methylcytosin* was converted into this base by alkylation

with potassium hydroxide and methyliodide in the usual manner,

and the new pyrimidin isolated in the same way as 3-methyl-

cytosin. The compound was extremely soluble in water and

volatilized with aqueous vapors. It separated from methyl-

alcohol in prisms. It had no definite melting point, but decom-

posed from 300° to 310°, according to the rate of heating, with

effervescence. Analysis (Kjeldahl)

;

Calculated for Found;
CaHoONj: I. 11.

N 30.22 30.09 29.76

Conversion of ^,j'dimeihylcyiosin into ymethylthymin:

Some 3,5-dimethylcytosin was dissolved in strong bromine

water, the solution warmed on the steambath for ten minutes,

and then evaporated to dryness in a vacuum. We obtained

a crystalline deposit which was digested with absolute alcohol

for five hours. The alcohol was then removed by evaporation

and the residue redissolved in hot water. Needle-like prisms

separated, on cooling, which melted at 160° with effervescence

to a colorless oil. This oil immediately solidified on cooling

and then melted at 280° to 282° to an oil without effervescence.

They did not contain bromine and were soluble in alkalies. We
did not obtain enough of this material for analysis but it was

probably ^-niethyluramino-a-methylacrylic acid:

XH, COOH
i I

CO C.CH,

1 II

CHj.X CH

When the filtrate (above) was concentrated and cooled the

characteristic crystals of 3-methylthymin separated. They melted

at 280° to 282° to an oil. A mi.xture of pure 3-methylthymin

and this compound melted at the same temperature. Analysis

(Kjeldahl)

:

C.ilcul.ited for
CuHsOjNj: Found:

N 20.00 20, ;i

‘Wheeler and Johnson; A)iicr. Clu-iit. Jount., xxxi, p. 591 .
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CONDUCTIVITy MEASUREMENTS ON THYMIN, i-METHYL-
THYMIN, s-METHYLTHYMIN, i^a-DIMETHYLTHYMIN AND
4-METHYLURACrL.

BY N, A. MARTIN.

In a series of conductivity measurements on thymia and its

nitrogen-methyl derivatives it was found that the conductivities

of thymin and i.^-dim^thylthymin remained nearly constant.

The very slight increase in conductivity observed was probably

due to small amounts of impurities absorbed from the glass and

air. The conductivity of water was found to increase at about

the same rate.

On the other hand, duplicate determinations on i-methyh

thymin and 3-methylthymin did not give agreeing results nor

could dissociation constants be calculated. The investigation

showed that the conductivity of these two pyrimidins rose with

the length of time they were kept in solution. The greatest

rise in conductivity was observed in the determinations on 3-

methylthymin.

The measurements were carried out by the customary Kohl-
rausch method in a thermostat at 25°.. The water used was
redistilled over barium hydroxide, rejecting all that gave a test

for ammonia with Nessler's reagent, until it had a specific con-

ductivity of approximately 2 X and the conductivity

vessel, pipettes, etc., were thoroughly steamed before using.

The rise in conductivity was determined by preparing 20 cc.

of exactly ^ solution of the substance directly in the vessel

and measuring its conductivity, at intervals, until it remained
practically constant. The rise in specific conductivity of pure
water, due to absorption of air, solution of soda from the walls
of the vessel, etc., was also determined and found to be prac-
tically zero (o . 0,2 per hour)

.

In calculating results the amount of hydrolysis could not be
determined as the amount of dissociation of the resulting ura-
minoacrylic acids (?) was unknown. The specific and molec-
ular conductivities were calculated and the latter plotted as
ordinates with the time in hours as abscissas. As a reference
line the rise in conductivity of water was also plotted, using 64,000
times the specific conductivity to agree with the molecular
conductivity of the solutions ^4 — 64,000 x).
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Molecular conductivity of the pyrimidins in solution at showing iiicrcasc

due to hydrolysis.

Time, Thymin. 1 ,3-Diinethly-
thymin.

1-Methylthymin. 3.Methyl-
thymin.

4-Methvl-
uracil.

hour 0.23 0.35
u 0.75

1
if 0.37 0.49 0.38

2 a
(+ i) 0.41 (4-i) 1.04 0.90

3 u 0.42 1.17

4
if 0.44 1 .36

5
it 0.45 1.54 1

6 u 0.46 I

7 a 0.47 1.98 j

S if
1

17 it 0.68 ! 2.50

IS
if 0.69 1

2.53

19i
u 0.72

,

2.67

20 it 0.74 i

22 if (4-4)0.75 4.51

23 if

(+4) 0.57 4.67

24 it

0.57 4.96 S.90
1

25 it

26 it

}

27 u 1

5.2S
;

10.19 1

1

2S if 5,56
1

30 it 5.75
!

1

41
if 13.53 t

495
u

i

2.97

55J
it

' 6.02
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Specific conductivity of pyrimidin solutions at 25^^ showing increase due

to hydrolysis.

Time. HaO. Thymin.
1,3-Di-
metbyl-
thyiuin.

l-Methyl-
thymin.

3-Methyl-
thymin.

4-Methyl-
uracil.

i hour O.O52 I 0.0,36 llllil
5 <(

1
U 0 . 0^22 0.0,57 0.0j77

2 il

0.0j24 ( + i)0.0565 ( + i) 0.0,162 EE 3
3 « O.O526 O.O566 0.0,182

4 H O.O567 0 . 0,212

5 u O.O569 0.0,240

6 u O.OjTl

7 U
0 . 0J2 + (+ i) 0.0,308

8 a
0.0,74

17 0.0^55 0.0J07
18 u

0.0,109

19i
u

0.0,42
20 u

0.0,113
22 u

0.0,115 0.0,704
23

( + 1)0.0,89 0.0,116 0.0,730
24 «

0.0,775 0 .O3139
25

26 (1

0.0,91
27 41

0.0,92 0.0,824 O.O3I59
28 It

0.0,93 0 . 0,868
30 11

0.0.898 1

41 II

1

O.O32II

j

1

49S

551 “
!

0.0,991'
0 . 0,47
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SOME NOTES ON THE EFFICIENCY OF THE FOLIN METHOD
FOR THE QUANTITATIVE DETERMINATION OF URI-

NARY AMMONIA.

By MATTHEW STEEL and WILLIAM J. GIES,

{From the Laboratory of Biological Chemistry of Columbia University, at

the College of Physicians a7id Surgeons, New York.)

(Received for publication, June i, rgo8).

I. INTRODUCTION.

Last fall, during the progress of the metabolism research that

is "described in the paper immediately following this, certain

anomalous results were obtained in our quantitative determina-

tions of the urinary ammonia. In the earlier periods of that

research ammonia had been determined by the Folin method,
in the urines in duplicate for 38 days, with thoroughly con-

cordant results. Shortly after the beginning of a metabolism

period, however, during which magnesium sulfate was injected

subcutaneously^ every twenty-four hours, the titrations, in dupli-

cate (at the conclusion of the Folin process as applied to the

daily urines), were strikingly discordant, the disagreements

amounting to from i to 2 cc. of f potassium hydroxid per 25 cc. of

urine.

Our inability to obtain satisfactory duplicate results for urinary
ammonia content after the magnesium sulfate treatment, or to
explain the analytic discrepancies by any probable fault of tech-
nique, led us to make two general suppositions regarding the
cause of the analytic disagreements observed

:

(i) That magnesium was eliminated into the urines in ques-
tion in relatively large quantities as ammonio-magnesium phos-
phate, which separated, in part a^^ least, in typically crystalline
masses.

^Period iv, p. 95 (this volume).
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(2) That the crystalline ammonio-magnesium phosphate thus

deposited was not thoroughly decomposed by sodium carbonate,

as used in the Folin process, whereby ammonia, in variable

amounts, remained in its solid form as triple phosphate in the

urines under investigation.

General examination of the urines that gave the anomalous

quantitative results for ammonia content showed at a glance

that oilr first supposition was correct—triple phosphate had

crystallized in abundance. In separating portions of the urines

for analysis, care had alwa3''s been taken to isolate fractions of

the thoroughly shaken and evenly mixed daily samples. Conse-

quently, we had no reason to believe that any of the above men-

tioned anomalous results of the ammonia determinations were

due to transferal of unequal amounts of the deposited ammonio-

magnesium phosphate in the duplicate fractions of the urine

taken. We therefore proceeded to test very carefull3% and in

many trials, the validity of the second supposition stated above.

II. ANALYTIC OPERATIONS.

First Series. Is the amount of sodium carbonate (i to 2 grams)

that is usually taken with 25 cc. of urine in the Folin process

sufficient to completely liberate the ammonia from small quan-

tities of crystalline ammonio-magnesium phosphate?

Method A. We endeavored to answer this question directly by the fol-

lowing special adaptation of the Folin process: Portions of pure, crystal-

line ammonio-magnesium phosphate, in different amounts between 50

and 500 milligrams inclusive, were quickly and very accurately weighed

on a watch glass and transferred quantitatively to aerometer cylinders of

the usual size, through a small dry funnel from which the tube had been

removed. All fragments adherent to the watch glass and funnel were

brushed into the cylinders. No losses of substance could have occurred

in the process. In all the tests the crystalline matter was a comparatively

coarse powder. About 25 to 50 cc. of water were poured into the cylinders

on the powder, which quickly formed a loose sediment in the undisturbed

water. A layer of kerosene was then poured over the liquid in each cylin-

der merely to duplicate the conditions of the Folin process, although no

special frothing could have occurred to require its use. Solid sodium

carbonate in definite quantities, ranging between r and 4 grams inclusive,

was then added to the phosphate-water-kerosene mixtures in the cylinders.

The apparatus recommended by Folin was employed for aiiration. More
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powerful pumps than those recommended by Folin were kept in operation

for from five to fifteen hours, so that aeration was unusually effective. In

all cases aSration was continued at least five hours. In the groups desig-

nated B and C (Table I), aeration was conducted during a second five

hour period, or ten hours in all. The agrometer cylinders were not opened

between the two periods, but the acid of the first period of absorption was

titrated and a new portion of acid substituted for ammonia absorption

during the second agration period. In the sixth determination (Group

B) agration was carried in the same manner through a third period of five

hours, or fifteen hours in all. Approximately fifth-normal sulfuric acid

was used for the absorption of the ammonia. Congo red was used as the

indicator. Our results in the first series of tests are given in Table I.

TABLE I. FIRST SERIES, GROUPS A TO C.

Pure, crystalline amjnonio-magnesium phosphate, 0.05 to 0.5 gram. Sodium

carbonate, 1 to 4 grams. Total periods oj aeration, 5 to 15 hours. Loss

of ammonia: maximum. 4^1 V^r cent; minimum, 31.1 per cent.

Group. Determination.

i

*50
j *0 rt

1

^0 ‘

11'

VOLUME OF STANDARD ACID SOLUTION
REQUIRED TO NEUTRALIZE— <n

'c
0
a
a
<

AFTER AERATION.
It all NH3 1

! had been
liberated.t""

i

^
;

5 hrs. 5Urs.(2l 5 hrs. (3)
‘

lotal.

no. oram
j

grams. CC. cc. cc. cc, 1 cc.
j

per ct.

A 1 0.05
1

1 1 0.0
1

1

0.6 : 1.05 42.9
2 0.1 1 i 1.2 * 1.2 1

' 2.05
1

41.5
3 0.2 1 2.4 1

1

2.4 4.10 41.5
4 0.3 1

I

4 2' 4.2 f 6.15 31.7
B 5 0.4 4 4.1 0.55 4.65 1 8.25 43.6

6 0.5 4 ’ 4.6 1.20 * 1.30 7.10 10,30
1 31.1

C 7 0.5 1 4.3 1.05 5.35
:

10.30 48.1
S 0.5 2.5 5.1 0.80 i 5.90 10.30 42.7
9 0.5 4 5.6

1

0.65 0.25 10.30
!

39.3

* NH4ilgF046H20. pure crystalline powder obtained from Eimer and Amend. The
theoretical content of nitrogen is 5-707 per cent. The average result of seven closely con-
cordant detenninations of nitrogen contents by the Kjeldahl method was 5.727 per cent
(5.697, 5.766, 5.780, 5.669, 5.725. 5.725, 5.725).
tSeven determinations of the volume of our standard acid solution that was required to

neutralize the ammonia liberated in the Kjeldahl process from 0.5 gram samples of the
tnple phosphate used in this scries gave the following results (cc.): 10.25, 10.40, 10.40
10.20, 10.30. 10.30, 10.30, or an average of 10.30 cc. (See footnote in the summar\’ on
page 70).

The first result in Table I shows that one gram of sodium car-
bonate was unable, after five hours of very strong aeration,
completely to eject the ammonia from 50 milligrams of the triple
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phosphate. The results for Groups B and C show that, after ten

hours’ aeration of 0.4 or 0.5 gram samples of triple phosphate

with I to 4 grams of sodium carbonate, large proportions of

ammonium were undisturbed in the crystalline material. Even
after fifteen hours’ aeration of a 0.5 gram sample of the phos-

phate with four grams of sodium carbonate, practically one-third

of the ammonium remained undisplaced.

These observations gave strong support to our second conclu-

sion regarding the cause of the anomalous ammonia results that

prompted this study.

Second Series. In the second series of tests, we endeavored

to ascertain the effect of previous solution of the triple phosphate

on the analytic outcome.

Method B. In this process Method A was employed, except that the

weighed portion of triple phosphate (0.5 gram) was dissolved in a beaker in

a small amount (2 to 4 cc.) of acetic acid (25 per cent) or hydrochloric acid

(10 per cent). The acid solution was diluted with about 25 cc. of water

and transferred quantitatively to the aSrometer cylinder, where it was

treated with sufficient sodium carbonate to neutralize it and to afford an

excess of 2 to 4 grams of the caobonate. From this point forward Method

A was followed to completion. The first two periods of aeration were five

hours each or a total of ten hours. In the last four tests of the series

(Group E) a third aeration period of fourteen hours was maintained—

a

total of twenty-four hours of aeration for the individuals of Group E.

Results are summarized in Table II.

The data in Table II show clearly that preliminary solution

of the triple phosphate did not particularly favor ultimate dis-

placement of the ammonium but that, even in the presence of 4

grams of sodium carbonate and after very strong aeration for

twenty-four hours (17), a large proportion of the ammonium
remained fixed in the original phosphate.

These observations suggested that the Folin method may be as

inadequate for the complete removal of ammonia from small

quantities of dissolved ammonio-magnesium phosphate as the

data of Table I indicated it is for the isolation of ammonia from

the crystalline form of that substance.

Third Series. The outcome of the first two series of tests led

us to check the previous results with additional preparations of

triple phosphate and also to ascertain the effects of larger pro-

portions of sodium carbonate.
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TABLE II. 6EC0ND SERIES, GROUPS V AND B.

Pure, crystaUine ammonio-mo^Tiesium phosphate (Jrom the supply iLsed in

the first series), 0.6 gram. Acid: acetic {35 per cent), 3 to cc. or hydro-

chloric {10 per cent), 2 cc. Sodium carbonate, 2 to 4 grams. Total periods

of aeration, 10 to 24 hours. Loss of ammonia: maximum 52.4 per cent;

minimum, 10.6 per cent.

d
3
2
o

a
0

e»

a

1
o
o
P

AMUONZO-UAGN£ai'’M
PHOSPHATE.

h
o
a

*0

to
'3

VOLUME OF BTANDABD ACID SOLUTION
BEQXJIRED TO NEUTEALUE

—

Ammonia

lost.

Weight.

ACID USED TO
DIBBOLVE IT.

AFTEB aSbATION.
j

If

all

NHa

had

been

liberated.

VO

X
U3

<0

X
to

CO
t-X
V*

Total.Kind. Volume.

no. ffrOfn per cent. cc. grama cc. CC. cc* cc. perct.

D. 0.5 25 acetic 3 3 1.00 6.55 10,3* 36.4

11 0.5 25 " 4 2 0.70 6,90 10.3 33.1

12 0.5 25 4 4 3.6 1.30 4.90 10.3 52.4

13 0.5 2 2 6.9 1.05 7.95 10.3 22.8

14 0.5 2 4 5.7 2.00 7.70 10.3 25.2
E. 15t 0.5 25 acetic 4 4 6.3 0.90 7.60 10.3 26.2

16t 0.5 25 " 4 2 4.4 0.85 6.15 10.3 40.3

17t 0.5 2 4 6.55 1.60 0.45 8.60 10.3 16,5

18t 0.5 2 2 1.10 0.60 7.30 10.3 29.1

See the second footnote, Table I.

t These detenninations were started by the junior author and completed independently
by the senior author, who knew nothing of the particular conditions of the tests.

Four preparations were employed for the purpose. The product used
in the first two series, purchased from Eimer and Amend, was again
selected. A second product was obtained from the Mallinckrodt Chemical
Company, a third was a Merck preparation and a fourth was our own
make. The Mallinckrodt product was a somewhat finer powder than the
others.

We prepared our own product by allowing very dilute ammonium
hydroxid to drop slowly from a burette into a crystallization dish con*
taining a fairly concentrated solution of magnesium sulfate and disodium
hydrogen phosphate. Deposition occurred gradually and the triple phos-
phate crystals were well formed and relatively large—much larger than
those in the powders obtained from the sources indicated above. The
crystalline precipitate was washed with water until it was free from am-
monium hydroxid. It was then dried in the open air at room tempera-
ture.

The following results were obtained in determinations, by the Kjeldahl
method, of the nitrogen contents of our several ammonio-magnesium
products:
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pnODUtrr.

volume op st.\nd.\hd .\cid solution required to
NEUTRALIZE THE LIBERATED AMMONIA FROM 0.5
GRAM OF NH^MgPO*

Percentage o(

nitrogen.

1 2 3 5 6 7 Avg. Foundlxheor}*

cc. cc. CC. cc. cc. cc. cc. cc. A IV.

Eimer and Amend* 10.30 I

Mallinckrodt 13.50 ' m \ 5.707

Merck ' m S O.G14 5.707

Our own 9.95 5.522

The actual titration results were: 0.1 gram, 2.05 cc.: 0.2 gram, 4.15 cc,; 0.5 gram (four

samples), 10.4, 10.2, 10.3, and 10.3 cc.; 1 gram. 20.6 cc.

With the exception of the Mallinckrodt product, the preparations were

quite pure. The nature of the conspicuous impurity in the Mallinckrodt

product was not determined. It had no important influence on the tests,

however.

In this series of tests, on the four products referred to in the above

summary, Method A was employed. Two successive five-hour periods

of aiiration were conducted in all the tests except one, in which the sample

was subjected to uninterrupted aSration for eighteen hours. Results are

summarized in Table III.

Table III makes it evident that the results of the first and sec-

ond series of tests with the Eimer and Amend product were not

due to any peculiarities of that particular sample of triple phos-

phate. In each group of teSts the percentage loss of ammonia

decreased somewhat with each increase in the amount of sodium

carbonate in the aerometer cylinder, but it was always above

20 per cent, even when lo grams or more of sodium carbonate

were used for the decompositions, and aeration was continued

ten hours.

Fourth Series, At this point it occurred to us that possibly

we were overlooking some defect in technique that could be

detected by carrying out some of the tests with caustic alkali

as the decomposing agent. Furthermore, such a check on our

former results promised also to give us additional evidence per-

taining to the total ammonia contents of our products. Method

A was employed for the tests, but sodium hydroxid was sub-

stituted for sodium carbonate. Aeration was continued only

three hours. Results are given in Table IV,



Eimer and Amend

Mallinckrodt . . . .

33 0.5 5

34 0.5 10

35 <1

1

0 5 10

30
“ 0.5 15

37
“ 0.5 15

38 0.5 20

39 0 5 20

40 Merck 0.5 1

41 0 5 1

42 0.5 2

43 0.5 2

44 0.5 5

45 « 0.5 5

46
“ 0.5 10

47
“ 0.5 10

48 Our own 0.5 5

49 M 0,5 6

50 0.5 5

51
1

0.5 5

52 1
*•

i

0.5 10

53
1 „ 0.5 10

54
1 «<

1
0.5 10

55 “ 0.5 10

2 4.5011.05 5.55

2 4.202.106.30

2 4.801.105.90

2 4.900.955.855.0010.342.7

5 6.100.856.95

5 6.900.157.057.0010.332.0

10 6.500.507 00

10 7.050.707.75

10 7.750.758.507.7510.324.8

15 7.100.807.90

15 7.200.657.857,8710.323.8

15 7.85

15 7.957.9010.323.3

1
5 5.051.206.25

5 15.05 1.306.356.3013.553.3

5.700.706.40

4.901.306.206.30 10.137.6
6.300.456.75

5.900.956.856.80 10.132.7
6.050.556.60
5.95 1.25 7.20 6.90 10.1 31.7

4.201.055.25
4.351.405.75
5.600.606.20
7.05 0.15 7.20 6.10 10.0 39.0

•30 and 31. T\\o eamplea of the Eimer and Amend product of 0.5 gram each '

aerated for eighteen hours. They required on titration respectively 7.S5 cc, and 7.95
B\cragc, 7.00 cc. The ammonia was 23.3 per cent.
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TABLE IV. FOURTH SERIES, GROUP J.

Crystalline anmionio-magncemm phosphate (four different preparations as in

the third series)
j 0.5 gram. Sodium hydroxid (1 gram) instead of sodium

carbonate. Period of aeration, 3 hours. Loss of ammonia: none.

.0

cj

c
NH4MgP04.

W
o
d
Jz:

VOLUME OP STANDARD ACID
SOLUTION REQUIRED FOR

NEUTRALIZATION.

•J
3)

a
d

0

Group

5
1

Product. Weight.
1 After aeration
1 3 houra.
1

If oil NHahod
been Uberated.|

1 I

1

1

J...
no.

56 Eiiner and Amend
ffrarti

0.5
i

gram
1

cc.

10.25

i

cc.
1

10,30
j

none

57 Mallinckrodt .... 0.5 1
1

13.50

5S Merck
’

0.5 1
;

10.10 10.10
a

59

i

Our own 0.5 1 9.95 10.00
u

The data in Table IV prove conclusively that the basis for all

our calculations in the previous tests was correct, that our tech-

nique was not necessarily responsible for the variations in, nor the

extent of, the ammonia losses, and that the total ammonia con-

tents of our products were easily discharged completely in a short

time by the caustic alkali employed.

These results reinforced the conclusions drawn from the data

obtained in the first three series of tests and seemed to show con-

clusively that sodium carbonate, in the amounts ordinarily used

in the Folin process as applied to urine, may fail to eject com-

pletely the ammonia from the contained ammonio-niagnesium

phosphate.

Practically all the previously recorded data were obtained by

the junior author under the senior author’s guidance. In order

to exclude any previously undiscovered error in technique, nearly

all the remaining series of tests were conducted either by the

senior author unaided, or, as will be indicated here and there, in

part by each author; in which special cases the one worker had

no knowledge of the conditions of the tests as imposed by the

other. In this way it was hoped to e.xclude entirely every influ-

ential error of manipulation or deduction. The results seem to

show that this hope was realized.

The checking process was conducted with a new standard acid
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solution, which was not quite equal in strength to the acid solu-

tion used in the first four series. The second series of results

for nitrogen content, as determined by the Kjeldahl method, are

appended

:

Einier and Amend
MalUnckrodt

Merck

Ourown

VOLUME OF STANDARD ACID
aOLUTtON REQUIRED TO
NEUTRALIZE THE LIBER-
ATED AMMONIA.

1. 2. Average

CC. cc. cc.

10.80 10.70 10.75

13.85 13.85 13.85

10.30 10.40 10.35

10.20 10.20

.

10.20

* Same as those used in the third and fourth series of tests.

Fifth Series. Method A was employed in this series. The same
amounts of phosphate and carbonate were used in all the tests.

The amount of carbonate was relatively larger than in most of

the previous groups. Each set of determinations was subjected
to a single definite period of aeration (5 to 15 hours). Results
are recorded in Table V.

The results summarized in Table V make it very evident that,
in harmony with the previous results, large proportions of sodium
carbonate (30 of the carbonate to i of the phosphate), even after
fifteen hours of very vigorous and thorough aeration, failed to
effect removal of all the ammonia. It is noticeable that the loss
of ammonia after five hours of aeration of 0.5 gram of triple phos-
phate with 1 5 grams of sodium carbonate was appreciably greater
than that in the tests which included aeration for ten hours.

Sixth Series. The influence of different proportions of sodium
carbonate on 0.5 gram samples of the same triple phosphate (our
own product) is shown unmistakably in the results of our sixth
series of tests (Table VI)

.

Method A was employed for the tests of this series, but, instead of add-
ing solid sodium carbonate to the usual amount of phosphate-water mix-
ture, the weighed quantities of the triple phosphate were transferred to
the aerometer cylinders and, after all connections had been closed, too
cc. of a solution containing the desired amount of sodium carbonate were
poured down the inlet tube upon the phosphate, and aeration was imme-
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diately begun in the absence of the layer of oil (p. 82 ). This volume of

decomposition liquid which was larger than usual, was necessary for the

complete retention of sodium carbonate in solution. During aeration of

the mixtures containing 20 or 25 grams of sodium carbonate, a special tend-

ency to incrustation of the tip of the inlet tube was manifested after sev-

eral hours. In a similar series that could not be carried to completion,

aeration was entirely stopped in such mixtures by the filling of the tip of

the inlet tube with solid sodium carbonate, which formed from the dry-

ing of layers of the solution that were deposited in the lower end of

TABLE V. FIFTH SERIES, GROUTS K TO M.

Crystalline aminonio-magnesiuin phosphate {from different products^ as in the

third and fourth series)^ 0.5 gram. Sodium carbonate^ 15 grams. Periods

of aeration
j 5, 10 or 15 hours. Loss of ammonia: maximumj 32.1 percent;

minimum
j 7.8 per cent.

Group.

Determination.

NH^MgPO^. 6
0
rt

*0

VOr.U.ME OF STANDARD ACID SOI.O-

TION REQUIRED TO NEUTRALIZE,
:

—

AFTER AERATION. 1 cl «
_ 1

Ammonia

lost.

Produl t.
Weight.

<n

Si

«

O

90

Si
lO

Total.

n u.

Si
=: c
ol <u

aram arms. cc. CC. cc. cc. cc. pr.ct.

K 60 Eiiner and Amend 0.5 15 9.5 9.5 11.6

61 Mullinckrodt 0.5 15 12.3 12,3 13.85 11.2
1

\

G2 ‘Merck 0,5 15 9.2 9.2 10.40 11.5

1

63 Our own 0.5 15 9.4 9.4 7.S

L
1

64 Eimer and Amend 0.5 15 9.65 9.65 10,75 mfel

65 Mallinckrodt 0.5 15 11.15 11.15 13.85 9.5

66 Merck 0.5 15
1
9.45 9.45 9.1

67 Our own 0.5 15
1 10.20 11.8

M 6S Elinor and Amend 0.5 15 S.95 1 8.95 10.75 16.7

1 C9 Mallinckrodt 0.5 15 9.40 13.85 32.1

70 Merck 0.5 15 S.35 8.35 19.7

' Our own
i 0.5
1

15 S.65
i

15.2

the inlet tube as the solution rose and fell with fluctuations of pres-

sure. In the sixth series such incrustation was prevented from inter-

fering with aeration by an occasional cessation of the process for a few sec-

onds. The alkaline solution then rose in the inlet tube and the carbonate

crust was dissolved. Some time elapsed, after aiiration had been resumed,

before discontinuance for the same reason again became advisable.

These facts are mentioned merely to show clearly that in this series we

used excessive proportions of sodium carbonate.
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TABLE VI. SIXTH SEIIIES, GKO UPS N AND O.

Pure, crystalline ammonio-magnesium phosphate (our own prodvct, p, 75), 0.5

gram. Sodium carbonate, 5 to 25 gravis. Periods of aeration, 4 hours or

JO hours (in two periods of 5 hours). Loss of ammonia: maximum, 34-3

per cent; viinimum, 3-4 p^r cent.

Group.

!

a
0

c

s
0
0

op

tiS,

Ik

0 ^
0
CP
a
55

VOLUME OF STANnARD ACID SOLUTIO.K
REQUIRED FOR NEUTRALIZATION- .tS

0

1
0
e
s

AFTER AERATION.

*5

"S 0
X— 0

in

s
n

to

no. pram. grams. cc. cc. cc. cc. CC. pr. cl.

N 1 72 ! 0.5 20 9.75 9.75 10.2 4.4

73 0.5 5 ' 6.70 6.70 10.2 34.3
0* 74 0.5 10

'

6.85 0.70 7.55 10.2 26.0

75 0.5 15 8.40 8.95 10.2 12.3

76 0.5 20 9.50 0-10 9.60 10.2 5.9

77 0.5 25
1

9.85 9.85 10.2 3.4

* The carbonate-phosphate mixtures in this series showed increasing clearness with
the rising concentration of carbonate. In test 77 the turbidity was almost ncgli^ble, show-
ing that practically all the triple phosphate had gone into solution. In dilute NaOH
(Table HI) the product dissolved completely.

The results summarized in Table VI make it apparent that
even in the presence of 50 times its weight of sodium carbonate,
and after 10 hours of thorough aeration, crystalline ammonio-
magnesium phosphate cannot be completely decomposed by the
Folin method of ammonia determination.

Seventh Series. At this point we made additional checks of
our manipulations and experimental conditions as is indicated
in Table VII. Method A was used—without triple phosphate
in Group P; with ammonium chlorid, instead, in Group Q.
The data in Table VII finally removed our suspicion that our

results were due to impure chemicals, faulty technique or unsus-
pected errors.

Eighth Series. This investigation was concluded with a deter-
mination of the effects of relatively very great excesses of sodium
carbonate in the aeration process. The results of this final test,
which are given in Table VIII, merely confirmed the conclusion



82 The Quantitative Determination of Ammonia

TABLE VII. SEVENTH SERIES, GROUPS P AND Q,

Tests of the 'purity of the sodium carboriate, and of the possible disturbing influence

of the kerosene, used in the first six series. Checks on the aeration process

and on the handlmg of the Folin method in general.

Group.

Determination.

Aeration 4 Urs. in the absence of
NH4MgPO< but in the pres-
ence of

—

STAND.1

i

i

5

lRD solut
ACID.

2J

9
0
CJ

V
«

o 5;

Neutralized.

o

Ammonia

lost.

no.
^

!

i

cc. CC. cc.

1

P 78 Water alone 1.5 n 1 15.05 none
79 Water + 15 grams NaoCOjj .... 15.00

SO Water -f 15 grams NaoCOg +
1

1

kerosene 15.05 u

Q lOcc. NNH^Cl
81 a. Without kerosene ISI 10.00 5.00 none

82 h. Without 10.05 4.95
w

i

83 c. With “ 10,00 5.00
u

1

84 d. With “
1 10.00

1

5.00

1

a

TABLE VIII. GROUP R.

Pure, crystalline aimnonio-magyiesium phosphate {Elmer and Amend product),

0.05gram. Sodium carbonate, 2 to 16 grams. Periods of aeration {2) ,
5 hours.

Loss of ainmoiiia: maximum 35.19 per cent; minimum, 12.0

4

per cent.

d
o

od '

I

VOI.U.ME OF ST.VNDARD ACID SOLUTION*
1 required to neutralize

—

X

Group.
1

P
i

1

AFTER AERATION.
1

IfalINHj
had been
liberated

c4

‘c
O
s

d)

p 5 hrs,
1 5 hrs. (2) Total.

B
<

no. cram. cc. CC.
\

cc. cc. tperernh

R 85 2 mm 0,05 mm 1.08 1 35.19

86 4 0.15 Bn l.OS 30.50

87 8 0.10 1.08 25.93

88 1

10

1

0.15 l.OS
1
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already drawn that Folin's splendid method fails, in the case of

triple phosphate, to give perfectly accurate results for ammonia
content.

We hope in the near future to report a simple modification

of the Folin method that will yield all the ammonia from am-
monio-magnesium phosphate in urine without producing ammo-
nia from non-ammoniacal radicals.
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I. INTRODUCTION.

Magnesium is normally present in the tissues and fluids of all

plants and animals. Comparatively little is known, however,
regarding the role that magnesium plays in the manifestations of

life phenomena, particularly in animals. Some of its salts are
widely used therapeutically, to produce purgative effects espe-
cially.

Many investigators have studied the influence of magnesium
salts upon animals, particularly after the injection of such salts

by one method or another. The greater number of the injection

experiments with magnesium salts have been carried out during
the past thirty-five years by investigators who have, in effect

S5
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inquired into the truth of the statement by Luton* that subcu-

taneous injections of small doses of magnesium sulfate produce

purgation. Very discordant conclusions have been drawn mean-

while by the authors of the subsequent papers on this particular

phase of the subject. Recke** and Hay^ reported that subcu-

taneous injections of magnesium sulfate in relatively large doses

maybe fatal to animals. Hay stated that death occurs under

such circumstances from respiratory paralysis.

Lately Meltzer* and collaborators have shown that magnesium

sulfate, if subcutaneously injected in relatively large though non-

lethal doses, produces profound anesthesia without excitation,

but with complete relaxation of all the voluntary muscles, and

with abolition of many reflex acts. The animal ordinarily

recovers completely from the anesthesia produced by such non-

lethal doses.

These and the many additional observations by Meltzer and

others led Dr. Dies to suggest an investigation of the metabolic

effects of magnesium sulfate. A careful review of the litera-

ture indicated that no extensive metabolic study of this kind

had ever been attempted before this work was inaugurated.®

II. GENERAL DESCRIPTION OP THE EXPERIMENTS.

This investigation consisted of two long metabolism experi-

ments, in which food and excreta were analyzed: and several

collateral experiments, in which no analyses were made. The

metabolism experiments were carried out by the methods usu-

ally employed in this laboratory.®

Animals and Environment. All the experiments were performed on

full grown, healthy dogs carefully selected to suit the special conditions

* Luton: Gazette hebdouiedaire de midecine et de chirurgie, xxviii, p. 4 SS>'

1874.
’ Recke: Dissertation, Gottingen, 18S1.

^ Hay: Journ. of Anat. and Physiol, vxii, p. 512, 1883.

‘ Meltzer and Auer: Proc. of the Soc. for Exper. Biol, and Med., ii, p. 81,

1905; Amer. Journ. of Physiol., xiv, p. 366, 1905.

*yvon: Arch, de Physiol., xxx, p. 304, 1S98; Winterberg: Jahresber.

derTierchemie, xxxiii, p. 799, 1903; Malcolm: Journ. of Physiol., p. 183,

“Mead and Gies: Ainer, Journ. of Physiol., v, p. 106, 1901; also, Gies

and collaborators: Biochemical Researches, i, p. 419 (Reprint No. 21), 1903*
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of the experiments. In each case we were particularly fortunate in our

selections.

The animals under observation were confined in cages devised in this

laboratory and recently described.

‘

Food. The daily food consisted of a mixture of hashed lean beef, lard,

cracker meal, bone ash, and water. The raw beef was taken from large

supplies preserved in a frozen condition,'

The daily portion of cracker meal was obtained from large quantities of

the commercial product kept in big bottles with ground glass stoppers.

Lard was purchased in small amounts and kept in a refrigerator. It was
always devoid of rancidity. The bone ash consisted of the thoroughly

incinerated, carbon free commercial product.^ Ordinary tap water was
used. In the first experiment the dog was given his daily portion of food

at 12:15 P-in.; in the second, at ii 130 a.m.

Periods, weights. In our metabolism experiments each day of the

first experiment ended at 12:15 p.m.; of the second experiment, at 11:30

a.m. The dogs were weighed just before they were fed. A new period

was always begun with the day on which the dog was subjected to new
conditions. The periods were made relatively long to afford more reliable

“daily average” results of analysis.

Collection op excreta. We collected the urine and feces daily just

before feeding. No artificial means such as catheterization were employed
in this connection. The cage was washed at the end of each period and
the total content of nitrogen in the washings determined. This total was
added to the total nitrogen of the urine for the corresponding period.

Analysis. The total content of nitrogen in the ingredients of the food
was determined. The urine was carefully preserved with thymol. Uri-

nary nitrogen, in the leading forms, was determined as follows : ammonia,
each day; total, urea and creatinin, every other day; and allantoin, uric
acid and purin bases, at the end of each period.

Analytic methods. Total nitrogen was determined by the Kjeldahl
process, oxidation being effected by means of concentrated sulfuric acid,
aided by a little cupric sulfate. Ammonia, urea, creatinin and uric acid
were determined by the methods devised by Folin.^ Allantoin was deter-
mined by the Loewi* method. Nitrogen of purin bases was determined
by a combination of the Amstein* and SalkowskP methods.

* Gies: Aincr. Jourtu of Physiol., xv, p. 403, 1905.
* Gies; Amer. Journ. of Physiol. p. 235, 1901; also Gies and collabora-

tors: Biochemical Researches, i, p. 69 (Reprint No. i), 1903.
* Steel and Gies: Amer. Journ. of Physiol., xx, p. 343, 1907.
* Folin: Amer. Journ. of Physiol., xiii, p. 45, 1905.
* Loewi: Arch. f. exp. Path. u. Pharm., xliv, p. i, 1900.
* Amstein: Zeit. f. physiol. Chem., xxiii, p. 417, 1897.
’Salkowski: Salkowski’s Maitual of Physiol. Chem. and Path., Transl.

by Orndorff, p. 24, 1904; Arch. f. d. gcs. Physiol., Ixix, p. 268, 1897-98.
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Magnesium in bone ash and feces was determined as follows: 2.5

grams of the fine powder that had been dried to constant weight, were
dissolved in 50 cc. of HCl (sp. gr. 1.15), evaporated to dryness and desic-

cated at 110° C. The dry residue was dissolved in a few cc, of HCl
and about 50CC. of water. The solution was filtered, the filtrate made
up to 250 cc. and 50 cc. portions of this solution taken for analysis. A
quantity of ferric chlorid sufiicient to precipitate the phosphoric acid

was added to the solution, after which the mixture was made slightly

alkaline with ammonium hydroxid. About two grams of sodium acetate

were next added, the solution then boiled a few moments and filtered.

The filtrate was treated with a moderate excess of ammonium oxalate

to precipitate the calcium, heated, filtered hot, the filtrate evaporated
to about 50 cc. and neutralized with HCl. A moderate excess of di-

sodium hydrogen phosphate was added; ten minutes later 10 cc, of

strong ammonium hydroxid were added, and the mixture allowed to stand

overnight. The product was incinerated and weighed as MgjPoOy.

Magnesium sulfate. The magnesium sulfate employed in all the

experiments was a sample of a Kahlbaum (“IC”) product,

III. FIRST EXPERIMENT. FIRST METABOLISM EXPERIMENT.

The dog selected for this experiment was a healthy male, weighing

about I o kilos.

Diet. The character of the diet was practically the same throughout

the whole experiment. Three samples of meat were used, but all had

essentially the same nitrogen content. The amount and composition

of the daily diet is indicated in Table I.

TABLE I.

Composih'oH 0/ the daily diet.

INGUEDIU-VTS. HASHCU1 LUAN* BEEK. CKACKEU
MEAL. LAUl>.^

HONE
ASII. WATEIl.

Days 1-7 0T=0 41-02 1-G:>

Daily amoimis. . .

Nitrogen

grams.

.... 150

5.31

1

{p-ams .

150

5 01

grams.

150

5.M

1

grams.
|

40 :

0.050
1

1
1

grams.

30

O.OOS
j

1

grams.

20

0.000

CC.

350

Only one sample of lard whs analyzed. The figure obtained for content of nitrogen

was practically the same as that heretofore noted for the same brand of lard that bxis long

been in use in this laboratory.

Preparatory period. Eleven days on the above diet sufficed to accus-

tom the dog to the food and environment, and afforded ample opportunity

to observe the general characteristics of the animal. During this time
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the weight of the dog rose from 9.80 kilos to 10.16 kilos. The preparatory

period ended on November 10, 1907, and on that day, at 12:15 p.m., the

accumulation of analytic data was begun. The main part of the experi-

ment was continued uninterruptedly thereafter until noon of December

27, 1907 (47th day). A general supplementary period was maintained

until January ii, 190S (62d day).

The experiment was divided into six periods of different lengths and

conditions as follows:

First period. Normal conditions. Days i—io; November //—20,

igoy. During this period the animal was entirely accustomed to his envir-

onment and normal conditions were maintained uniformly.

Second period. Infltie’nce of niagnesiimi stdfate administered -per os.

Days IJ-21; November 2l--Deceynber j. On the nth day the first

dose of magnesium sulfate was given per os just before feeding. Dosage
in this instance, as in all subsequent administrations by mouth, was
effected by enclosing the magnesium sulfate in a little ball of the weighed
hashed meat, which the animal swallowed quickly without masticating;

and consequently, also without tasting the magnesium compound. The
remainder of the food was offered immediately afterward and eaten at

once.

We desired to ascertain the effects of magnesium sulfate on the partition

of nitrogen in urine eliminated during a fairly long period. Consequently
only a very small dose (0.513 gram) was given on the nth day (ist day
of the period), but the dosewas gradually increased until the 2 ist day, when
7.001 grams were given. By that time the purgative effect was so pro-
nounced that we were forced to discontinue dosage. Otherwise the dog
seemed perfectly normal. He was cheerful and showed no signs of dis-

tress.

Third period. Intermediate period. Days 22-zg; December 2-g. The
recovery of the dog from the diarrhea was almost immediate. On the
22d day diarrhea was most pronounced as an effect of dosage on the last
day of the previous period, but on the 23d day the feces were only moder-
ately diarrheal. On the 24th day they were almost normal Thereafter
in this period there were no diarrheal tendencies.

Fourth period. Infltieytce of magnesium stdfate when injected subctC’
taneously. Days December 10-21. By the end of the preceding
period the dog had practically returned to normal conditions. We next
attempted to ascertain the influence of magnesium sulfate injected sub-
cutaneously. We used very small amounts at first but gradually in-
creased the daily dose until the general effects were so decided that it
was obviously inadvisable to continue the treatment.

Schedtde of injections of magnesium sulfate, ^oth day. At 12:45 p.m.,
0.01 gram dissolved in i cc. of water was injected on the right side. There
were no appreciable effects, jjst day. At 12:35 p.m., 0.025 dis-
solved in Ii cc. of water were injected on the left side. Again there were
no particular effects. The feces for the day were a trifle softer than
normal. day. At 12:50 p.m., 0.05 gram dissolved in i cc. of water were
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injected on the right side. The animal was uneasy after the injection,

squirming about and rolling on his back. He defecated at i p.m. The
feces were soft, clay-like, day. At 12 .*50 p.m., o. t gram dissolved in 2

cc. of water was injected near the shoulder on the left side. The feces had
the consistency of putty and the urine was turbid. day. At 1:10

p.m., 0.2 gram dissolved in i cc. of water were injected on the right side.

The feces were a tride softer than on the day before. The turbidity of
the urine was about the same, jjth day. At 12:45 p.m., 0.4 gram dis-

solved in 2 cc. of water were injected on the right side. The feces were
softer than on the previous day. The turbidity of the urine was also

greater. ^6th day. At 1:05 p. m., 0.6 gram dissolved in 1.5 cc. of water
were injected on the left side. The feces were partly soft and partly hard,

and the turbidity of the urine was about the same as on the previous day.

jyth day. At i p.m., 0.6 gram dissolved in 1.5 cc. of water were injected

on the right side. The dog was more decidedly affected than before.

After the injection he was very restless at first and then became unusually

sleepy. The feces were hard. The urine was very turbid and had con-

siderable sediment. jSth day. At 12:50 p.m., i gram dissolved in 2.5

cc. of water was injected on the left side. After the injection the dog was
very uneasy and apprehensive at first, but then gradually became dull

and drowsy and remained so until evening. The feces were hard and dry

and the urine had a heavy sediment, ^gth day. At i2;4o p.m., x gram

dissolved in 2.5 cc. of water was injected on the right side. At 4 p.m.

another gram was injected on the left side. After the first injection the

dog showed the symptoms exhibited on the day before, namely, at first

he was very restless and apprehensive and then soon became drowsy.

After the second injection he immediately assumed a recumbent position,

then went to sleep and slept all afternoon and evening. On being awakened

at 9:15 p.m., he urinated. The next morning there were signs of edema

on the left side in the lumbar region and he was sore and stiff in his hind

legs. The feces were dry and brittle. The urine had a heavy sediment.

ifOth day. At 1 2 :4o p.m., 5 grams dissolved in S cc. of water were injected

on the left side. The dog became very drowsy within a couple of minutes

and could not be persuaded to arise. He cuddled up in the corner of the

cage and shivered as if he were cold. Occasionally he got up to urinate.

The total amount of urine for the day was almost double the amount of

water given with his food. The feces were very hard and brittle. Next

morning the dog was bright and cheerful, .fist day. At 12:50 p.m., 10

grams dissolved in 12 cc. of water were injected on the right side. The

animal exhibited practically the same symptoms as those shown on the

40th day, and was even more sleepy. The sleepiness had not worn off by

the next morning. The dog then acted as if in great pain when he was

touched in the region of the last injection. His appetite for the first time

was poor.

Fifth period. After period. Days December 22-2J. During

this period the dog was permitted to recover from the effects of the dosage.

On the right side in the lumbar region, where the last injection was made,
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a swelling gradually developed which opened on the 44th day, revealing

a considerable area of necrosis. Sloughing was prompt and complete.

No treatment of the wound was necessary, as the surface tended to become

dry and healed rapidly. By the 47 th day the dog seemed to be normal

again in all respects with the exception of the sore on the side/

Sixth period. Suppleiitentary period. Days ^8-62; Dece}nber 28,

igoy-Ja7tttary //, igoS. The dog was kept under general observation for

two weeks in order that possible “after effects” might be detected.'

Analytic results. The more important data in our records

of the first metabolism experiment are given in Tables II and III,

Discussion of the results. Changes in the weight of the

dog. Examination of the data recorded in Table II shows that

there was a gradual and continuous increase in weight during

the fore period (ist), throughout the period during which magne-

sium sulfate was given per os (2d), during the intermediate period

(3d), and during the first half of the period in which magnesium

sulfate was administered subcutaneously (4th) . During the second

half of the latter period there was a rapid decrease of weight, due,

undoubtedly, to the diuretic effect of the larger subcutaneous

doses of magnesium sulfate. The decline in weight reached its

lowest ebb on the last day of the period (4th) of subcutaneous

injection. During the fifth or “after*' period, the weight quickly

rose, but did not quite return to the maximal point (10.70 in the

4th period) before the end of the supplementary period.

Fluctuations in the daily volume of urine. The amount of water
in the food remained the same each day, yet, as an examination
of Table II will show, the volume of urine fluctuated through
quite a wide range. The minimal amount was 155 cc. on the
44th day, during the “after*’ period, when the animal was rapidly
recovering from the effects of the diuresis of the subcutaneous
injection period. The maximal amount was 716 cc. on the 40th
day (next to the last day of the injection period). The relatively
large doses of injected magnesium sulfate in the latter part of the
fourth period appeared to exert a marked diuretic influence.
In the fifth period there was a corresponding retention of water,
and a consequent decrease of urine volume, as the weight of the

‘ animal ros^.

The comparatively uniform daily volume of urine in the second
period indicates that the doses of magnesium sulfate that were
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administered per os during that period had very little influence

on the volume of urine. The slightly reduced a.veTage daily vol-

ume of urine for that period (Table III) is explained by the moder-
ate diarrhea that resulted from the corresponding doses per os.

Alterations of the specific gravity of the urine. With a few

exceptions the specific gravity of the urine showed little variation

from the average except in the second and fifth periods, when the

excreted proportions of magnesium sulfate were large, while at

the same time the volumes of urine were at or below the average,

or when the volumes of urine were particularly small while the

nitrogen catabolism was comparatively extensive.

Effects on the elimination of feces. Aside from the fecal effects

already noted, little can be said in this connection. Fairly large

doses per osmade the feces softer. In the early part of the injection

period doses subcutaneously administered appeared to cause slight

softening. This may have been a mere coincidence, however.

The subsequent larger doses seemed to make the fecal masses

more brittle than they were during the normal period. The aver-

age daily quantity of dry fecal matter increased slightly per period

until the fourth, inclusive, then fell off rather decidedly during

the last two periods.

Effects on the elimination of total nitrogen of the urine. The

object of this experiment was primarily to ascertain the effect

of magnesium sulfate on the partition of urinary nitrogen.

Therefore we did not analyze the feces nor cast off hair in this

experiment and consequently made no attempt to ascertain

whether the animal was in nitrogenous equilibrium. Examina-

tion of Table III shows, however, that in the post-subcutaneous

injection period (5th) the total amount of urinary nitrogen was

considerably higher than in any of the other periods, and greater

than the total quantity of ingested nitrogen. In the injection

period (4th) the average daily elimination of urinary nitrogen

was practically the same as during the previous period (3d) and

less than the amount of ingested nitrogen. That the increased

elimination of total nitrogen in the urine of the fifth period cannot

he ascribed to the mere diuretic influence of the injected magne-

sium sulfate is evident from the fact that during that period (stii)

in which the greatest elimination of nitrogen occurred the

volumes of urine were the smallest of the experiment. During
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the period in which magnesium sulfate was given per os, there

was no increase in the total urinary nitrogen.

Effects on the partition of the total urinary nitrogen. The most

noticeable effects on the distribution of urinary nitrogen among
the products named at the head of Table III were (i) a fairly

uniform absolute average daily excretion of urea but a striking

decrease in its relative elimination, beginning with the period-

after administration of magnesium sulfate 05 and continuing

to the end of the experiment; and (2) cumulative increases in

both the absolute and relative excretions of nitrogen in the

forms of allantoin, uric acid, purin bases and undetermhied

products. There was a slight increase in the relative urea excre-

tion in the second period, but it hardly deserves special attention.

Creaiinin elimination was fairly uniform throughout the experi-

ment, although therewere indications of slightly increased output,

both absolute and relative, in the dosage periods. The amynonia

nitrogen was exceptionally high during the period in which

magnesium sulfate was given per os and again in the last (sth)

period. It was low in the subcutaneous injection period. The
anomalous results especially in the subcutaneous injection period

were doubtless due to the sources of error referred to in the

preceding paper.' Ammonia elimination appears to have been
very perceptibly increased in the second period as the daily

doses of magnesium sulfate per os were increased

See the discussion on p. ii 8 for further reference to these
results.

Steel and Gies: This joiiDial, this volume, p. 71.
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TABLE ir.

Some of ihc daily records of the first experiment.

The first inetaholisin experiment,

Fikst period. .\Wmal conditions. Days 1-10; November 11-^20, 1007,

Day

No,

j

1

1

Body
weight.

;

1

i

Dose of
MgS04 .

:

1

URINE.
1

;
FECES,

S
!

: >
i

i

CO ts i

Total

nitrogen.
Urea

nitrogen.

Ammonia

nitrogen.

C .

.S§

CJ ^U
O'c

u ^
Q’S

I
1 kilos,

j

grams. cc. lOxx. grams. grams,
j

grams.
\

grams. grams.

1 !i 10.19
j

2S0 15
\

1

1 1

0.123 ^ 21.0

2
1j

10.17
i 47S 13 10-224 S.482

1

0.152
1

0.228 30.4

3
1

10.14 3S0 14 [ 0.182
,

54.7

4 , 10.13 390 13 9.964 S.6S6 0.130 0.247
:1
2S.4

5 10.09 41S 13 1
0.142

j

j

31.5

6 10.15 ! 290 15 9.662 S.398
1

0.124 0.227
;

41.4

7 10.26 i 355 15 i
0.132 0

S 10.20 i 352' 16 10.376 9.134 0.133 0.226
1

44.2

9 10.24 360 13
i

0.094* j 25.4

10 10.25
j \

3S0
i

16 9.S00
i

1

!

S.G57 0.175 0.228
i

1 1

13.9

* This amount is smaU, but was correctly determined.

Second period. Effect of magnesium sulfate administered per os.

Days 11-21; November 21-December L

11 10.25 0.513 342 « 0.158 46.4

12 10.29 0.504 350 15 9,002 S,467 0,122 0.229 0

13 10.34 0.999 360 15 0.127 17.7

14 10.44 1.506 310 IS 9.789 S.G62 0.171 0.219 21.2

15 10.37 2.001 400 15 0.219 55.7

IG 10.33 2.499 382 16 10.298 9.089 0.221 0.256 39.0

17 10.10 3.000 366
j

17
1

0.259 1
0

IS 10.42 3.909 3iS
;

18 10.278 8.975
1

0.269
11

0.239 47,2

19 10.42 5.001
1

340
i

IS
i

1
0.279 1

I

10.5

20 10.44 6.006
:

360 20 0.307
1

23 2

21 10.46 7.001 : 325 22 14.895
!

i

12.866
1

i
i

0.284
i

0.379 1 29.5
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TABLE II—COXTIXUED.

Third period. Intermediate period. Days 22-29; December 2^9.

t

. 1

O '

55 !

a }

i

i

{

1

Body !

weight.

1

Dose
MgSO^.

UKI.VE. i
FECES.

6
a

'o
>

G

B o
ojs

a G
Q til

P|
*G

et .

11
*g’2

Crcatlnin

nitrogen. £“1
og

kilos, 1 prarrw. cc. lOxx grams. grams. gram. gram. grams.

22 10.40
'

388 15 0.253 26.1

23 10.39
!

350 15 12.169 0.236 37.9

24 300 15 0.132 22.1

25 10.45 330 16 10.812 9.268 0.138 0.186 31.1

26 10.42 412 13 O.iOi 34.6

27 314 16 10.270 9.201 0.124 0.223 23.0

28 10.55 290 18 0.135 1 29.2

29 10.54

!

385 14 10.733 8.368 0.134 0.200
}
29.1

i

Fourth period. Effects of magnesium sulfate injected subcutaneously.

Days 30-Jfl; December 10-21,

10.66 268 16

1

0.152 13.9

10. ei 0.025 348 16 9.747 7.582 0.165 0.227 20.4
10.70 iSil 306 16 i

0.136 37.2
10.66 Bl 310 16 9.806

i
7.999

i

0.142 0.232 27.0
10.67m 340

1
17 OSi 1

44.2
35 10.70

i

j

0.400 270 1 19 10.025 7.741 0.155 0.243 35.1
30 1 10. CO

I

0.600 420 1 14 0.125 1 36.9
37 10.64 0.600 t 230 24 9.712 8-356 0.149 0.213 18.1
38 10.61 1.000 1 498 15 0.222

1 33.2
39 10.50 2.000 430 18 11.829 9.378 0.165 0.263 : 33.3
40 10.15 5.000 ' 710 15 0.112 31.8
41 10.03 ' 10. 000

1
j

479 24 14.329 7.698 0.149 0.419^ 26.5

Fifth period. After period. Days 4^47; December 22-27.

42

43

44

45

41)

47

10.20
j

1

225 33
t

i

1

0.175

1

11.4
10.30 224 38 16.082 10.097 0.374 0.264 33.2
10.42 155 1 37 0.161 41.2
10..37 300

i
25 i 15.054 10.009 0.315 0.223 42.9

1
260

j

23
i

i

0.2S6 20.4
10.52 290

1

21

1

12.224
,

6. 827 0.219 0.203 21.0

rhia amount U large, but waa correctly determined.
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table II—CONTINUED.

Sixth period—SupplemetUary period.

Days J^S-62; December 2S, 1907 to January IJ 1903

Number of the day
i- 49 11 51

}

52 53*
i

j

54 55

Body weight (kilos) 110.50 10.54 10,52 10.49 10.42ilO.44 10,50

Urine: Volume (cc.) 340 35S 312
1

420
1

360 345 314

Specific gravity (lOxx). .

.

16 17 15 16 13 17 16 17

Feces: weight (grams) 36.4 18.5 33.0
j

25.1
i

31.8 38.6 15.2

1

15,3

Number of the day

1

56 57 58 59
1

60 61 62

Body weight (kilos) bo. 41 10.47 10.50 '10.53 10.54 10.59 10.61

Urine: Volume (cc.) 363 ! 420 ' 310
i

334 1 342 330 350

Specific gravity (lOxx).

.

. I 17 16 IS ' 17 17 IS
1

15

Feces : weight (grams) 37.0

1

,23.4

1

[

21.3
1

1

54.2 ,14.0

1

1

^

21.9 26.8

1

The total nitrogen wa^; 29.90 grams for days 4S to 53, inclusive, or an average of 4.9S^I

grams per day.
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•

Total

qimntlty

for

tbo

first

six

days

(48~63).

t

Average

amount

(or

tho

firat

six

days

(48-53)4
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IV. SECOND EXPERIMENT. DOES BONE ASH IN THE DIET OFFSET
THE CATHARTIC INFLUENCE OF MAGNESIUM SULFATE

GIVEN WITH THE FOOD?

It was thought that possibly the calcium of the bone ash in

the food exerted a neutralizing effect on. the influence of magne-
sium. In view of the fact, however, that calcium salts do not
appear to be appreciably absorbed from bone ash under the

conditions of om: experiments,^ the possibility of a suspension of

magnesium influences in the manner indicated was rather remote.

Nevertheless, before proceeding farther, we made a direct test

of the matter, and attacked the problem at the point where

results, if any were attainable, would most likely be revealed.

It is a fair assumption, we think, that if bone ash in the food has

no effect on the catharsis induced by accompanying doses of

magnesium sulfate per os, it is likewise without influence on the

behavior of magnesium sulfate administered subcutaneously or

intravenously.

The animal selected for this experiment was a plump, vigorous, short

haired male dog, weighing about 8 kilos. The daily diet was similar to

that of the first experiment and contained the following proportions:

Hashed lean meat, 120 grams; cracker meal, 32 grams; lard, 24 grams;

water, 260 cc. The food was given daily at 11:30 a.m.

First Period. Without maguesinm sulfate and mthojtt bone ash. Days
i-g; Deccutbcr i~g, igoy. The dog was kept on the above-mentioned

diet for nine days, without magnesium sulfate and without bone ash, dur-

ing which period the soft, black feces exhibited the usual qualities of the

excrementitious matter from the bowels of dogs on a diet consisting

largely of meat. Defecations occurred only once about every third day.

Second period. Influence of bone ash on the cathartic effect of ntagne~

stum sulfate. Days 10-21; December 10-21. In this period the animal

was given daily with the food a gradually increasing dose of magnesium

sulfate, without bone ash, until decided diarrhea occurred. The dog was

then kept on this dose without bone ash for a few days, during which time

the diarrhea was fully maintained. When we were certain that the daily

dose of magnesium sulfate would invariably produce diarrhea, 15 grams

af bone ash were added to the daily food. The appended summary pre-

sents the plan of treatment and the results in some detail (Table IV).

Plan of treatment with magnesium sulfate. loth to lyth days, inclusive;

magnesium sulfate without bone ash. loth day (first day of dosage) . Dose

:

‘Steel and Gies: Amer. Jourti. of Physiol, .xx, p. 343, 1907.
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0.501 gram. The dog did not defecate, ijtltday. Dose: 1.002 grams.

No feces. J2th day. Dose: 2,001 grams. No feces, ijth day. Dose:

3.003 grams. The dog defecated. The black fecal mass was formed

but quite soft, jph day. Dose: 4.005 grams. The black fecal mass

was unformed and like thick mud in consistency, iph to xjth day.

Daily dose: 4 grams. Marked diarrhea occurred daily.

Eighteenth to 25th days, inclusive; •^^xagnesium sulfate with bone ash.

i8th day. Dose: 4 grams with 15 grams of bone ash. The dog defecated

at about 3 p.m. The feces were thin diarrheal discharges like those of

the past few days. At 10 a.m. shortly before the end of the day of record,

the dog defecated again. This time the fecal discharge was a gray mass,

which although unformed, was somewhat thicker than the feces eliminated

during the 1 5th'”i 7th days. It appeared to be in effect the usual diarrheal

mass made grayish and thicker by the mechanical admixture with the
bone ash. igth to 21st days. Daily dose: 4 grams with 15 grams of bone
ash. The dog defecated daily. Each discharge was of approximately
the same consistency as that of the second elimination on the i8th day.
The degree of diarrhea was practically the same as in the first experiment
under similar conditions of dosage.

These results make it evident that bone ash in the diet will not
appreciably offset the cathartic effect of magnesium sulfate

except in a purely mechancial way.

Third period. With bone ash, but without viagnestiim sidjate. Days
22-2 December 22-2J. No magnesium sulfate was administered, but the
daily quantity of bone ash (15 grams) was continued. The recovery
from the cathartic effect was almost immediate. On the 23d day the
feces were entirely devoid of diarrheal consistence.

(This animal was used again in the special experiment de-
scribed in the footnote on p. 104.)
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V. THIRD EXPERIMENT. A DETERMINATION OP THE CONDITIONS

MOST FAVORABLE FOR INTRAVENOUS INJECTION OF LARGE

DOSES OP MAGNESIUM SULFATE INTO DOGS.

Before subjecting the dog of the fourth experiment (p. roa)

to the inhuence of an intravenous injection of magnesium

sulfate, we endeavored, in a preliminary trial experiment, to

ascertain the procedure that could be followed to the greatest

advantage in an effort to administer large doses directly into the

circulation of a dog. The following abstract from the protocol of

that experiment confirms the observation by Meltzer and Auer^

that large doses of magnesium sulfate may be introduced intra-

venously provided injection is conducted very slowly.

The dog used in this experiment weighed about lo kilos and had been
kept on a diet very similar to that given the animal of the first metabolism
experiment. Ten grams of magnesium sulfate, dissolved in loo cc. of

water, were injected into a saphenous vein, after anesthetizing locally

with cocaine (i cc. of a 2 per cent solution) at 4:21 p.m, A summary
of operations and observations is appended.

4122 p.m. Injection of the magnesium sulfate solution was started

from a burette at the rate of about i cc. in 35 seconds. This rate was not
increased but occasionally was decreased, as the effects on respiration

became more decided. Among the early effects was a marked gastric

disturbance, though vomiting did not occur. 5:00. Much salivation, aug-
mented nasal secretion, and watering of the eyes. 5:10. Anesthetic effect

quite marked. 5:25. Respiration weak. Reflex responses slight. 5:50.
Profoundly anesthetized. 5*53- The last of the solution (too cc.)

injected. The animal was placed in a cage after rapid suturing of the
skin at the site of operation. 5:58. The dog tried unsuccessfully to
stand up. 6:02. Got up but was too weak to remain on his feet. 6:15.
Arose and wagged his tail. Able to walk without difficulty. 6:20.
Recumbent and going to sleep. 10:25. The dog urinated, and after that
seemed almost normal again. During the first 24 hours after the injection
there was diuresis. The urine was also exceedingly turbid and soon yielded
a heavy sediment. The first samples of urine after the injection were
Very much paler in color than the portions eliminated previous to the
injection. On the next day the dog seemed to have entirely recovered
from the effects of the treatment. The anesthesia seemingly had no
unfavorable sequellce.

* Meltzer and Auer: xv,
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VI. FOURTH EXPERIMENT. SECOND METABOLISM EXPERIMENT.

The general conditions of the first metabolism experiment were dupli-

cated in this experiment. There was also a study of intravenous effects.

The dog used in this experiment was a healthy, short haired female,

weighing about 10.6 kilos. The diet was practically the same as that of

the dog in the first experiment. This dog received 25 cc. more water per

day than the first.

TABLE V.

Comfosition of the daUy diet

XNOilEPlEHTS. HABH3E2> LE.^N BEEF, CR.VCKER
i

l.ABP

j

BONE
ASH. WATER.

Days 1-14 15-45 •45-73
i

1-73

Daily amounts

Nitrogen ’

grams,
j

150
j

5.34

grams,

150

5,55

t

grams.

150

5.43

grams,

40

0.651

i

grams,

30

0.008

grams,
\

20

0.006

CC,

375

Preparatory period. The dog was kept on the above-mentioned

diet for nine days, before any analyses were made, in order to accustom

her to the cage and diet. In four days her weight increased from 10.56

kilos to 10.72 kilos and then remained at about 10.70 kilos during the next

five days. The preparatory period ended on February 17, 190S, On
that day, at 11:30 a.m,, the accumulation of analytic data was begun.

The experiment was continued uninterruptedly until April 30 (73d day)

and was divided into eleven periods of different lengths and conditions

as follows:

First period. Noruial conditions. Days 1-7; February igo8.

During this period the weight of the dog remained remarkably constant.

She seemed to be perfectly satisfied with her surroundings.

Second period. Influence of magnesium sulfate administered per os.

Days February 2j-March 2, With our previous experience in

mind we began the treatment with a fairly large dose.

Schedule of administrations of magnesium sulfate. With the food of

the Sth day (ist day of the 2d period), 3.001 grams were given. No
effects could be observed. There was no defecation, gth day. 3.99S

grams were given. The feces were normal. lOth day, 5.002 grams were

given. The feces were very soft. The diarrhea was so pronounced that

the dose was not increased, and the animal was kept on this daily amount

on the succeeding (/x-/./) days. On the xpth day (last of the period) the

feces were so soft that they ran into the urine receiver, which, however,

had no urine in it at the time. The diarrheal effect of 5 grams was greater

in this dog than that of 7 grams in the first dog. The average volume of

urine was also considerably lower.
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Third period. First interviediate period. Days j^—22; March

The recovery from the diarrhea was quite rapid. On the day (ist

of this period) the animal did not defecate. On the i6th day, however,

defecation occurred twice; the first mass was like stiff clay, the second

discharge was hard and brittle. The urine did not show a marked tend-

ency to increase in volume until the igih day (5th of the period). After

that the urinary volume was relatively large.

Fourth period. Influence of magnesium sulfate when injected subcu^

taneously. Days 2^26; March A 40 per cent solution of magne-

sium sulfate was used. Each day's portion was diluted to 20 cc. before

injection.

Schedule of injections of vuxgnesium sulfate. On the 2^d day (ist of the

period), at 12 150 p.m., i gram was injected on the right side. The initial

effect was restlessness, followed by sleepiness tmtil about 1 1 p.m., when
300 cc. of turbid urine were eliminated, after which the animal appeared

to be more lively. On the following morning, she was bright and cheerful.

The feces were normal, 24ik day. At 12:55 p.m., we injected 2 grams
on the left side. At 1.07 she was very restless and apprehensive; at 1:15

drowsy. She slept all the afternoon and at 8: 1 5 p.m. urinated 300 cc. of very

turbid urine; then she cuddled down in the comer of the cage as if try-

ing to keep warm, although the room temperature was normal. At 9 a.m.

she was lively and cheerful again. The feces were normal. 2yth day.

At 12:57 4 grams were injected in the right side. As soon as the

injection had been made, the dog rolled on her back and bit viciously for

a moment or two at the place injected, then she cuddled down in the
comer of the cage and could not easily be aroused. She slept all the
afternoon and evening. At 11:15 P-^* she urinated 315 cc.; afterwards
she was lively and more cheerful. The urine had a very heavy sediment
and was alkaline to litmus. On the following morning an abundance of
fine triple phosphate crystals had deposited on the sides of the vessel con-
taining the urine. No feces were passed. 26ih day. At 12:55 P*id.,

8 grams %vere injected on the left side. At 1:10 p.m. she was lying on
the bottom of the cage, panting and breathing rapidly with her tongue
protruding. At 1:20 p.m. she was perfectly motionless as if in heavy
slumber; her respiration was deep and slow. She slept all the afternoon,
refusing to arise when spoken to. The next morning marked depression
was a conspicuous symptom. The feces were very hard and dry and
were passed with considerable difficulty. There was decided swelling on
the left side at the place where the last injection was made, and the dog
appeared to suffer considerable pain as a consequence of it.

Fifth period. Second intermediate (post-subcutaneous injection) period.
Days 2y-ji; March 15-/9. On the first day of this period (27th day)
the dog was very much depressed, and had to be coaxed to eat, whereas
theretofore, she had always been eager for her food. She looked very
apprehensive, shivered a great deal and was sleepy. Towards evenin"
she was much brighter and more responsive when spoken to. The urine
had a very heavy white sediment. The next day (28th) the animal ate
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her food with relish. The necrotic mass on the left side had opened dur-
ing the night. The opening was about three inches long and one and a
half inches wide. The wound was enlarged to that size by the dog in her
endeavor to remove dead material.^ All of the latter was evidently
swallowed by the animal, for none of it could be found in the cage. Re-
covery was rapid. Return to normal conditions was complete, before
the beginning of the next period.

Sixth period. Inftiieuce of magnesium sulfate injected intrave>ioifsly.

Days J2-j6; March 20-2^^ With the results of the fourth experiment to

guide us, we proceeded with an intravenous injection as follows: Ten grams
of magnesium sulfate were dissolved in 100 cc. of water, and injected into

a saphenous vein, after anesthetizing locally with cocaine (i cc. of a 2

per cent solution) . Asummary of operations and observations is appended

:

Schedule of operaiwxs. ^2d day. At 3:17 p.m., the injection was
started at the rate of about i cc. in 50 seconds, and maintained at about
that rate throughout the entire procedure. 3 ’24, The dog began to

show effects by dropping her head and gagging. Breathing was irregular.

3:28. The dog vomited. (The vomit was fully recovered and fed to

her at 10 p.m.) 3 :35. Breathing was very rapid. Anesthesia increased.

^ The dogs of both metabolism experiments were affected in the same
way locally by the subcutaneous injections of magnesium sulfate, but

necrosis and sloughing occurred more promptly in the dog of the second

metabolism experiment. The following special experiment, on the dog

used in the second experiment (p. 9S), may be cited as giving additional

evidence of the marked local effects of magnesium sulfate when introduced

under the skin in relatively large doses.

First period. Normal conditions. Days 1-2; December 22-2j,
(See Table VI.)

Second period. Local influence of subcutaneous doses of magnesium

sulfate. Days 1-2; December 2,}.-2§, ist day. At x 2 140 p.m., S

grams, dissolved in 10 cc. of water, were injected subcutaneously on the

right side. The dog exhibited the same symptoms that the other dogs

showed under similar circumstances, i. e., at first he was very restless and

then gradually became drowsy and slept all the afternoon. Late in the

evening, slight edema was noticeable a few inches below the point of injec-

tion. 2d day. At i p.m., 10 grams, dissolved in 12 cc. of water, were

injected on the left side. The symptoms exhibited the day before were

again elicited, the only difference being that the anesthetic effect was a

little more pronounced. The ne.xt morning, at 10 o’clock, the animal

had apparently entirely recovered from the anesthetic effect. The edema

on the right side had disappeared, but on the left side, a few inches below

the place of injection, there was considerable swelling and general soreness.

The urine was pale in color and deposited a heavy sediment of fine triple

phosphate crystals. The feces were dry and brittle.

Third period. After period. Days December 26, iQOf-Jan-

nary d, igoS^ The dog rapidly recovered from the general soreness.
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4:17. Breathing weakly. 4:21. Deep anesthesia. No conjunctival

reflex. 4:26. Anesthesia profound. Respiration almost entirely sus-

pended. 4:27. Injection stopped. By this time exactly 80 cc. had run in,

which contained 8 grams of the magnesium compound. 4:28. Breath-

ing had nearly stopped. Respiration was artificially aided for several

minutes by appropriate foreleg and tongue movements and chest com-

pressions. 4:30. Conjunctival reflex sluggish. 4:35. Breathing more

regular. 4:40. Decided conjunctival reflex. 4:53. After stitching the

wound the animal was placed in a cage. She immediately arose but was
too weak to stand. Was sleepy. 5 :45. Awake and bright, very respon-

sive when spoken to. 7 :3o. Lies cuddled up in a comer of the cage

shivering as if cold. Room temperature normal. When spoken to, she

got up. She soon urinated. The urine was very light colored. At 10

o*clock on the following morning, the animal was active and apparently

had recovered fully from the anesthetic effects.

The swelling on the left side opened on the 4th day. Sloughing was rela-

tively extensive and an unsightly wound resulted. Healing was in rapid

progress on the 14th day, when observation was discontinued.

TABLE VI,

Special expeuiment.

II. Second period. Local influence

of magnesium sulfate injected

I. First PERIOD. Normal Conditions. subcutaneously.

Days 1-2; December 22-2S, 1907. Days December 24r-25j 1907.

Number of day (period) .

. |

1 2 Number of day (period)

.

3
1

4
Body weight (kilos) 7.70 7.83 ^ Body weight (kilos) 7.82 7.68
Dose of MgS04 (grams) .

.

Dose of MgSO^ (grams) . 8.00 10.00
Urine: Volume (cc.) 302 194

1

Urine: Volume (cc.) 317! 405
Specific gravity (lOxx). 17 20

1

Specific gravity (lOxx) 27
'

24

III. Third period. After period.

Days 6-16; December 26, 1907-January 6, 1908.

No, of day

7 1

i

i

(period) . . ,

Body weight

5

i

6

1
:

!

^ 9 1 10 11

1

12

i i

'' 14

! 1

15 16

(kilos)

Urine:Volume
7.65 7.61

|7.72i
17.

82'7.G3 7.80 |7.72 7. SO |7.78 7.93 8.00 8.04

(cc.)

Specific grav-

280 26S 1S5^|lS5
1

356 16S 304 :210 31S ISS 225 267

ity (lOxx).J 21
i

23 25
i

1

25 14 17
:

1" 18 17 20
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The different degrees in the effects of the intravenous injections in the
two dogs was quite noticeable. In the animal of the third experiment the
anesthesia developed gradually and was not nearly fatal, even when lo

grams had been injected, whereas in the dog of this experiment the effect

was not nearly so strong at first, but came on quickly and was nearly fatal

when only 8 grams had been injected. The rate of injection was some-
what slower in this experiment than in the third experiment. In the latter

experiment the dog did not vomit, although gastric disturbance was
noticeable. In this experiment, as recorded above, vomiting occurred

soon after injection was started. There was also a marked difference in

the nature of the urine from the two animals on the night and day follow-

ing the injections. The first dog excreted urine containing a heavy sedi-

ment. The second eliminated a larger volume, containing only a very
trifling amount of sediment. As in the case of the animal of the third

experiment, the dog in this one recovered rapidly and showed no lasting

effects of the intravenous injection. The feces were normal at each elimi-

nation, certainly not softer than usual.

Seventh period. Second intermediate period. Days March

April 2. During this part of the experiment the general condition of the

animal was noted. Normal conditions appeared to prevail, as recovery

from the previous treatment had been very prompt. The ammonia in the

urine was determined daily and the total amount of nitrogen in the urine

of the whole period of nine days was ascertained. The dog increased in

weight from 10.53 to 10.68 kilos. The average volume of urine was normal.

Eighth period. New Normal period. Days 46-ji; April 5 to S. In

this period the general condition of the dog was noted and analytic data

collected as in an ordinary fore period. In anticipation of further observa-

tions on the effects of intravenous injections, the usual analytic routine

was followed in detail. The weight of the animal continued to rise a little

and was highest on the 51st day (the last day of the period). The average

volume of urine was a trifle higher than it had been in the previous

period. By the end of this period, the wound caused by the subcutaneous

injection on the 26th day (the last day of the fourth period) had almost

entirely healed.

Ninth period. Second intravenous injection of magnesium sulfate.

Days ^2— April g—14^ We attempted to duplicate as closely as possible

all conditions attending the first intravenous injection in this experiment

(6th period, 32 d day). Accordingly, 10 grams of magnesium sulfate

were dissolved in 100 cc. of water, and injected into a saphenous vein, after

anesthetizing locally with cocaine (i cc. of a 2 per cent solution). A
summary of the operations and observations is appended.

Schedule of operations, ^zd day. At 3:25 p.m., the injection was

started at the rate of about i cc. in 47 seconds, and maintained at about

that rate throughout the entire procedure. 3:30. The dog begins to

show effects by panting and breathing rapidly. 3:34* heart is

beating very rapidly. The dog showed considerable signs of gastric dis-

turbance but did not vomit. 4:00. Shows signs of increasing anesthesia.
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Heart beats slowly. Respiration weak. 4:10. Anesthesia increasing

rapidly. Conjunctival reflex sluggish. 4:18. No conjunctival reflex.

Breathing in gasps. 4:23. Respiration almost entirely inhibited. 4*24.

Profound anesthesia. Injection stopped. By this time exactly 70 cc.

had run in, which volume contained 7 grams of magnesium sulfate. 4 *30,

Respiration more regular. 4:34. Slight conjunctival reflex. 4:35.

After closure of the wound, the animal was placed in the cage, where she

remained practically motionless for about 20 minutes and then stood up,

but seemed very weak. In a nfiinute she lay down again and went to

sleep. While sleeping one of her paws twitched spasmodically, 9:15.

She urinated 600 cc. of very light, clear urine; afterwards was bright and
cheerful. Later in the night she urinated 65 cc. of urine. This was like-

wise very clear. There was no sediment. The specific gravity of the

first portion eliminated (the 600 cc.) was loid and the reaction was ampho-
teric to litmus. The specific gravity of the second portion (65 cc.) was
1023, and its reaction decidedly acid. When the two portions were united

the specific gravity was 1017 and the reaction faintly acid to litmus. The
dog’s weight fell considerably as was to be expected, from the fact that a
particularly large volume of urine had been eliminated. The weight of

the dog steadily rose again, however, and by the 57th day (last of the

period) was at the normal point. No lasting effects of the injection were
noticeable. The feces at each elimination were normal, perhaps drier

and more brittle than usual.

Tenth period. Third intermediate period. Days April
Only the general condition of the animal was noted in this period. Her
weight remained very constant, between 10.76 and 10.79 kilos. The vol-
ume of urine was comparatively large and the specific gravity uniform.

Eleventh period. Influence of an intravenous injection of magnesium
sulfate on the magytesium content of the feces. Days 6/fr-yj; April 21—^0,
Before discontinuing the experiment we concluded to conduct a final

intravenous injection with a view primarily of determining some facts
regarding the excretion of magnesium in the feces after introduction of a
soluble salt into the circulation. Special care was taken to prevent con-
tact between urine and feces. Ten grams of magnesium sulfate were
dissolved in 100 cc. of water and the solution injected into a saphenous
vein after locally anesthetizing with cocaine (i cc. of a 2 percent solution).

Schedule of operations, Oph day. At 4:05 p.m., the injection was
started at the rate of about i cc. in 36 seconds, and maintained at approxi-
mately that rate throughout the entire procedure. 4:18. The dog showed
marked signs of gastric disturbance. 4:20, Vomited. 4:24. Heart
beating very rapidly. 4*26. Increased signs of anesthesia. 4:29. Heart
fluttering. Conjunctival reflex sluggish. 4:39. Marked abdominal
respiration and increased fluttering of the heart. 4:41. No conjunctival
reflex. 4:50. Profound anesthesia. Respiration almost entirely sus-
pended. 4:55. Injection stopped. By this time exactly 85 cc. had run
m, which volume contained 8.5 grams of magnesium sulfate. Recovery
was prompt. At 5 :i o after stitching the Ups of the wound the dog was put
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in a cage. At 5:18 the dog stood up in the cage and began licking the
wound; after a moment she lay down again and went to sleep. As in

the former experience one of the paws twitched spasmodically for some
time at this stage. 9 .•30. The dog was bright and cheerful, and urinated

365 cc, of very clear urine. The vomit was then offered. She ate it all

very readily. Late at night she urinated 190 cc. of very turbid urine.

The reaction of the first portion eliminated (the 365 cc.) was alkaline to

litmus. The reaction of the second portion (the 190 cc.) was amphoteric
to litmus. When the two portions were united the reaction was faintly

alkaline. During most of the period the feces were analyzed daily for

magnesium.

Analytic results. The essential data of this experiment

are presented in Tables VII-IX.

Discussion op the results. Changes in the weight of the

dog. The weight of the dog was comparatively uniform until

the fifth period. On the 28th day (the second day of the post-

subcutaneous injection period there was a noticeable fall in

weight. On the next day the decrease was unusual. The decline

continued for a few days and reached the lowest point in the ex-

periment on the 3 2d day (first day of the first intravenous injec-

tion period) . The weight then very slowly returned by the end

of the eighth period (51st day) to that at the beginning of the

experiment. It fell sharply immediately after each of the sub-

sequent intravenous injections but rapidly returned to the normal

each time (9th and iith periods).

Administration per os was without effect on the weight of the

dog, but there was a marked decline in weight in the period

immediately after the subcutaneous injection. After the intra-

venous injections there was always a sharp decrease in weight

which was most pronounced within twenty-four hours after the

treatment, and which was not cumulative, as appeared to be the

case after subcutaneous administration.

Fluctuations in the daily volume of urine. The daily volume

of urine fluctuated between 270 cc. on the second day (33d) of

the first intravenous injection period (6th) and 665 cc. on the

first day (ssd) of the second intravenous injection period (9th).

The average daily quantity was relatively high during the period

(Sth) succeeding the subcutaneous injection and during the last

period. Administration per os appeared to cause perceptibly

decreased volume of urine, evidently in compensation for the
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loss of water in the diarrheal stools. The largest daily volumes

were eliminated on the days of intravenous injection.

Alterations of the specific gravity of the urine. The extreme

registrations of specific gravity of the urine were 1012 in the

opening period and 1038 in the fourth period (subcutaneous

injection period). The former value pertains to a relatively

high volume and the latter to a comparatively small one, so that

the figures quoted are not particularly significant. In a general

way, specific gravity was higher after administration of magne*

sium sulfate per os then during the normal period. The reduced

volume of urine during the second period fully explains that

fact. The higher specific gravity of the volumes excreted shortly

after subcutaneous injection (4th period) were seemingly due

chiefly to the eliminated magnesium sulfate. The fluctuations of

specific gravity during the last seven periods were slight. Few of

the figures went above the normal ones. Although the specific

gravity of the urine eliminated on the first day of each intra-

venous injection period was somewhat above normal, the diure-

sis that immediately resulted after such injections prevented the

figures for specific gravity from registering at the higher points

they would otherwise have attained, because of the prompt
elimination of the injected magnesium sulfate.

Effects on the elimination of feces. Administration of magne-
sium sulfate per os made the feces softer, as has already been
noted. The injections, on the other hand had no effect at all

on their consistency or else actually rendered the fecal discharges

drier and more brittle. In one case after intravenous injection,

as has already been noted, the feces were passed with great diffi-

culty, whether from inhibition of the normal muscular movements
or because of particular dryness alone, can hardly be said.

The average daily quantity of dry fecal matter was somewhat
greater than normal in the second and all subsequent periods.
In a general way the figures for dry fecal matter indicate specially

increased daily output promptly after administration of magne-
sium sulfate per os, subcutaneously or intravenously. In only
one case was the increased amount of dry fecal matter accom-
panied by an increased content of nitrogen in the feces. The
average daily elimination of nitrogen in the feces per period was
quite uniform throughout the entire experiment, although slightly

subnormal in all but the post-subcutaneous and first intravenous
injection periods.
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Effect on the total nitrogen of the excreta. The data in Table IX
show that our animal was not in nitrogenous equilibrium at the

beginning of the experiment. The retention balance of nitrogen

diminished per period until the fourth (subcutaneous injection

period) when the dog was in practical nitrogenous equilibrium.

In the fifth or post-subcutaneous injection period, perhaps as an
“after effect,” there was a large minus balance. The develop-

ment and opening of the abscess may have influenced the out-

come. Retention was the rule again in the subsequent periods,

with progressive period increase toward the highest plus balance

in the seventh period (period after the first intravenous injection)

and regular recession to a small plus balance in the last period.

These results might be assumed to indicate that the doses of

magnesium sulfate increased the total elimination of nitrogen,

but the last four plus balances, those in the sixth and seventh

periods particularly, make such an inference difficult to maintain.

The explanation of the outcome in this regard is not at all clear.

Effects on the elimination of total nitrogen in the urine. In

almost perfect harmony with the trend of the period balances,

as given in Table VIII, there was a progressive increase in the

daily average amount of urinary nitrogen to the maximum excre-

tion in the fifth period (post-subcutaneous injection period),

succeeding which there was cumulatively decreased elimination

until the last or second intravenous injection period, in which

there was again a comparative increase. The significance of

these results is not at all clear, although the development and

opening of the abscess probably affected the data appreciably.

In this e.xperiment, and in the first metabolism experiment, the

maximal period outputs of urinary nitrogen occurred during the

fifth or post-subcutaneous injection period. In the preceding

metabolism e.xperiment the ma.ximal e.xcretion of urinary total

nitrogen was associated with the smallest average daily volume

of urine for the period. In this e.xperiment, on the other hand,

the ma.ximal elimination of urinary total nitrogen occurred dur-

ing the period in which the largest volumes of urine rvere excreted.

Effects on the partition of the total urinary nitrogen. The abso-

lute e.xcretion of urea nitrogen ran parallel with the urinary total

nitrogen except in the eighth period. There was also the same

general harmony in the relative elimination. The trend in urea

elimination during the first five periods was practically the
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reverse of that shown in the previous metabolism experiment.

Amnimiia nitrogen was eliminated in large absolute amounts in

the first two dosage periods and in its maximal quantity during

the post-subcutaneous injection period (fifth). During the last

four periods the elimination was uniform and above the normal.

The percentage figures in Table VIII agree with those for the

absolute eliminations of ammonia. Creatinin, absolutely, was

much the same quantitatively for each period, with the greatest

elimination in the last period. Relatively the smallest excretion

of creatinin occurred in the post-subcutaneous injection period

(5th). There was relative period increase of creatinin to the

third period, decrease to the minimum percentage value in the

fifth period, and rise to the maximum percentage excretion at

the end. Allanioin, both absolutely and relatively, was in-

creased to the maximum values in the subcutaneous injection

period (4th) and decreased slightly toward the end of the ex-

periment. In all the periods except the second {per os admin-
istration) the quantity of allantion was above normal. Uric acid

was much the same in amount in each period. It was increased

somewhat during the last two periods. Relatively it was least in

amount in the post-subcutaneous injection period (5th) and highest

in the last two periods. Purin bases, both absolutely and rela-

tively, decreased in quantity sharply to the third period {per os),

tose somewhat though still remaining at a subnormal point in

the fifth (post-subcutaneous) and fell to very low amounts during
the last two periods. The nitrogen in u^idetermhied products
fluctuated in absolute amounts to subnormal values in all but
the third (ante-subcutaneous) and fifth (post-subcutaneous)
periods. The absolute amounts of undetermined nitrogen in the
last two periods were especially small. Relatively there was a
fall to a low figure for imdetermined nitrogen in the fourth (sub-
cutaneous injection) period, a rise nearly to the normal percentage
m the sixth (first intravenous injection) period, and a sharp fall

to very low figures at the end.

Elimination of magnesitan per rectum. The average daily
eliminations of magnesium in the tenth and eleventh periods
(p. 107), were the following: Tenth period. 6 days, 0.096
gram; eleventh period (after intravenous injection of S.5 grams
ofMgSOj;

5 days. 0.103 gram; 7 days. 0.096 gram; 10 daj's,

0.096 gram.
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TABLE VII,

Some of the daily records of the fourth experiment.

The second metabolism e.vperinient.

First period. Normal comlitions. Days 1-7; February lS-24 ^ lOOS.

6

a

Body
weight.

Dose of
MgSO,.

URINE, FECES,

Volume.

Specific

gravity.

Total

nitrogen.

c
d <tt

p fcji

'S

•He
q qi
‘.2 tfi

S2
c3’H

Ammonia

nitrogen.

Dryweight.

kilos. (;ram3. cc. Wxx. grams. gram. gram. grains.

1 10.73 1 435 12 0.190 0

2 10.69 334 14 8.887 7.068 0.158 0.144 48,2

3 10. 6S 346 14 0.1-18 30.5

4 10.69 340 16 9.383 6.986 0,183 0.135 29.0

5 10.76 322 16
1

i 0,144 0

6 10. 6S 442 14 0.14S 43.9

7 10.65 390* 13 14.664 S.737 i

i

0.340

1

0.122 20.0

By mistake 32 cc. of urine, which should have been added to the 8th day portion, were

added to that of the 7th day, thereby changinR the volume from 358 to 300 cc. and the

weight of the dog from 10. OS to 10.65 kilos.

Second period. Influence of magnesium sulfate administered per os.

Days S-14i February 25-March 2,

8 10.73 3.001 310

i I

1

1

1

I

1

0.202 0

^
1

10.78 3.998 312 19 9.371 6.S4G 0.183 0.252 ! 43.0

10 10.76 5.002
j

330 17
1

1

1

0.279 ,

53.5

11 10.68 5.004 390 16 10.007 6.834 0,208 0.278 40.2

12 10.75 5.000
1

300 IS
!

0.257 0

13 10.73 5.002
i

346 20
!

1

j i

0.293 24.9

14
I

10.73
1

5.001
1
345 IS

i
14,737

i
10.382

j

1

0.328
1

0.28S 39,5

Third period. First intermediate period. Days 15-22. March S-10.

15 10.77 330 17 0.236 0

16 10,78 285 IS 10.763 7.890 0.265 0.1S9 53.0

17 10.77 392 17 0.168 26.1

IS 10. 7S 315 16 10.776 7.810 0.233 0.209 21.0

19 10.79
j

1 3S5 15
[
0.189 45.4

20 10.75 i j
408 14 10.534

1

7.310 0.247
I

' O.ISS 22.9

21
J

10.68
,

455 14
1

;

0.195
}

27.0

22 ' 10.69
'

3S0 14

! 1

10,878 !

CC 0,247 i

i

0.203 1 15.7
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table VU—CONTINUED.

Fourth period. Influence of magnesium sulfate infecied subcutaneously.

Days 2S--26; March 11--14 .

d

>»
cl

Q

1

1 Body
weight.

1 Dose of
MgSO*.

tJRJUE. FECES,

Volume.

Specific

gravity.

(3

^1
Urea nitrogen.

3 °
•sa

<S-a i

Ammonia

nitrogen.

Dryweight.

kilos. Sframs. cc. lOxx. grams. fframs. gram.
!

gram. 1 grams.

23 10,71 1.00 375 17 0.254 145.9

24 10.68
'

2.00 415 15 11.079 8.113 1 0.237 0.266 lie. 2
25 ! 10.71 ! 4.00 395 23

1

0.268
26 10.78 8.00 280 38 11.322 9.252 0.203 44.9

1

Fifth period. Second intermediate period. Days 27Si; March

10.71 450 23 0.395 33.5
10.64 400 15 15.817 11.914 0,263 0.444 15.0
10.53 433 21 0.636 32.9
10.54

i

389
1

17
j

1

i
0.348

1

42,5
10.52 410 16 21.375 18.006 0.330 0.380 27.1

Sixth period. Influence of magnesium suljaie injected intravenously.

Days S2^S6; March

10.47 8.00 460 23 0.184 0
10.48 21 11.698 8.852 0.239 0.258 63.5
10.48 325 19 0.236 26.0
10.53 15

1

0.219 0
10.49 340 15 1 15.444

1

10.701 0.345 0.204 1

j

54.4—
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TABLE VII—CONTINUED.

Seventh period. Third intermediate period. Days 37-45; March 2o-April 2.

>>

p

Body
weight

Doso of
MgSO*.

URINE. FECEa,

Volume.

Specific

gravity.

Total

nitrogen.
Urea

nitrogen.

Creatinin

nitrogen.

Ammonia

nitrogen.

Dry

weight.

kilos. grama. cc. lOxx. grams. grams. gram. gram. oram*.

37 10.53 364 15 0.204 0

38 10.58 308 17 0.214 56.9
39 10.64 350 16 0.243 0
Rtl 10.65 375 14 0.218 25.7
41 10.64 435 14 0.237 29.8

42 10.64 390 13 0.211 52.0

43 10.68 370 13 0.198 0

44 10.67 370 13 0.206 47.5

45 10.68

1

370 14 43.70 0.206 26.0

Eighth period. New normal period. Days 4^-^U ^^pril 3-8.

46 10.70 395B in 0

47 10.74 360 mm 9.233 7.636 0.253 Bl 37.5

48 10.70 405 13 mm 53.0

49
i

10,71
;

405 14 10.049 8,743 0.249 12 .

S

50 10.75
1

310 13 24.9

51 10.78
j

330 15 9.128 7.738 0,241 40.7

Ninth period. Second intravenous injection period. Days 52-57; April9-i4-

52

1

10.57 7.00 665 17 0.141 27.0

53 10.59 355 14
,
10.968 9.589

;

0.290 0.272 27.9

54 10.65 365
j

14 0,223 21.5

55 10.71
1

368 15 10.788 9.039 0.273
I

0.237 25.5

56 10,76 ! 345 14 0.202 52.5

57 10.78 1 375
;

14 1 10.477
1

0.035 ! 0.245 0.233 21.5



>'.'
'••I
« 1 “? 1

“
1 la I « ! »

Specific gravity (lOxx) *1

Feces: 'weigfit (gn^s) .
—

Magnesium (gram)

Total for days 5S~63,
^

P.KXOO^

fate on ZrU £1-30.

Number of day

(period)
1

6^

Body "Weight

(kilos) —
Dose of ^IgSOJ

(grams)
1

8.50

Urine: volume

— i'-O \

Feces: weight

(grams)

—

Magnesium

No delecation.

tDays 6&-70.

tDays 71-73.



TABLE

VIII.

Founxn

expeuiment.

Totals

for

each

period.
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TABLE IX.

Fouhth EXpBRiiiENT. AruUytic totals and averages for nitrogen in each period^

Period No. .
Days

I

7
11
7

III
3

IV
4

V
5

VI
5

VII
9

VIII
6

IX
6

ffTcme. grams. grams. grams. grams. grams. grams. grams. grams.

Food 42.04 49.72 24.86 36.571 36.57

Excreta.

.

. 36.42 46.57 24.35 29.75 47.67
Balance.

.

. + 5.62 -{-4.84 + 3.15 + 0.51 +1.33 + 8.27 + 5.50 + 1.53

TABLE X,

Some of the daily records of the fifth experiment.

First period. Normal conditions. Days 1-9; March SO-AprU 5, 1908.

Number of the day
! i

ii

t

(period.) 1 1 2 3 Hb 5 6 7 8 9
Body weight (kilos).

.

15.83 (15.77 15.88' 15.73 15.88 15.94 15.95’ 15.96
Urine: Volume (cc.) . 275 470 320 SSI 370

I

KIBM 370 325 270
Specific gravity

'

1
1

(lOxx). 23 24 21 20 : 24 !

!

22
1

22 20 25

Second period. Intrammcular infection of magnesium sulfate.

Days 10-18; April 9-17.

Number of the day
(period 10 11 12

;

13 14 15 16 17 18
Body weight (kilos).

.

15.30 15.37 15.90 15.81 15.85 16.20 15.90 15.92 15,95
Dose of MgSO. !

(grams) 12.00
Urine volume: (cc.).

.

860 220 0 455 350 ‘ 0 680 495 308
Specific gravity

j j

(iOxx) 27 26 36 35 24 26 i 28
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VII. FIFTH EXPERIMENT. DOES THE INTRAMUSCULAR INJECTION

OF LARGE DOSES OF MAGNESIUM SULFATE INTO DOGS

CAUSE THE DEVELOPMENT OP ABSCESSES?

Meltzer and Auer^ found that in rabbits intramuscular injec-

tions of concentrated solutions of magnesium salts caused the

development of abscesses. Subcutaneous injections of such

solutions into rabbits did not cause abscesses. In dogs, however,

Meltzer and Auer observed the reverse effects, i. e., abscesses after

subcutaneous, but not after intramuscular, injections. In our

experiments relatively large doses introduced subcutaneously

always caused necrosis and sloughing in dogs. We took no

aseptic precautions, however, in connection with the hypodermic

treatment.

The outcome of the following experiment confirms the related

observations by Meltzer and Auer:

A healthy, long haired, male dog weighing about 15.50 kilos was given

a daily diet consisting of hashed lean beef, 225 grams; cracker meal, 60

grams; lard, 45 grams, bone ash, 30 grams; and 525 cc. of water.

Fxrst period. Normal condiiiots. Days March jo-April <?,

jpo5 . The dog was kept on the above-mentioned diet for twenty-two

days before the injection was made. Table X gives data pertaining to

the last nine of the twenty-two days referred to.

Second period. Intramuscular injection of 7nagnesium sulfate. Days

I(Hi8; April g-iy. On the 23d day (first of the injection period). 12

grams of magnesium sulfate, dissolved in 30 cc. of water, were injected

into the right hind leg. Immediately after the injection the dog was very

restless. He squirmed about on the bottom of his cage, panted excessively

for about half an hour, and then became drowsy and slept practically all

evening, rising occasionally to urinate. On the next day he was still

sleepy and was so lame that he would not rise of his own accord. During

the night he urinated 860 cc. of very turbid urine; reaction to litmus,

amphoteric. The dog’s lameness continued for several days. There was

some temporary swelling, but no abscess formation nor any sloughing.

There was no diarrhea at any time. Recovery was prompt.^

VIU. GENERAL COMPARISON AND DISCUSSION OP THE RESULTS.

A comparative examination of the data of all our experiments

warrants the following condensed summary of the results of the

treatment with magnesium sulfate.

^Meltzer and Auer : Amer, Journ. of PhysioLj xiv, p. 374 »
i 9 C>5 -

second experiment under essentially the same conditions gave the

same negative result.
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Body weight. On a rising scale of weight in the normal

period of the first experiment, administration per os and some of

those subcutaneously were accompanied by further increase in

the body weight. The larger doses subcutaneously caused

diuresis and decreased weight. There was increased weight in

the post-subcutaneous period. On a rising scale of weight in the

normal period of the special experiment referred to in the footnote

on p. 104, administration subcutaneously caused diuresis and

decreased weight. In the post-subcutaneous injection period

body weight returned to and rose above normal. In the fourth

experiment on a falling normal scale, administration per os and

subcutaneouslywere associated with stationary or perhaps slightly

increased weight, but there was decreased weight in the post-

subcutaneous period with prompt recovery. Intravenous injec-

tion always caused immediate diuresis and decrease in body
weight, with prompt recovery in a few days. In the second

experiment the largest doses per os caused sufficient diarrhea to

reduce body weight slightly. In the fifth experiment, intra-

muscular injection caused immediate diuresis and reduction of

body weight. Recovery of weight was prompt.

Volume op the urine. Disregarding normal variations in

quantity, the volume of urine was generally decreased by adminis-

tration per os, evidently because of the resultant diarrhea. In

the second metabolism experiment there was apparently no
effect on volume. Urinary volume was usually increased, at

once or in a few days, by the larger subcutaneous doses. There
was immediate diuresis after intravenous or intramuscular

injections followed by very prompt compensatory reduction of

volume. As a rule diuretic effects were soon completely balanced
by corresponding retentions.

Specific gravity of the urine. Aside from its normal
fluctuations specific gravity was relatively high after subcutaneous
injections of large doses per os, obviously because of the rapid
elimination (of the magnesium compound) that occurred usually
without special diuretic effect. The marked diuresis that followed
intramuscular or intravenous injections prevented special rise
in specific gravity after such introductions. The specific gravity

• was usually high for a few days after the cessation of diuresis,
evidently because of compensatory retention of water, as shown
by the simultaneous elimination of relatively small urine volumes.
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Consistency, amount, and nitrogen-content of the feces.

Administration of relatively large doses per os caused diarrhea.

Subcutaneous intramuscular as well as intravenous injections

failed to elicit diarrhea; on the contrary, such introductions

seemed to make the feces drier and harder. ‘

In the first metabolism experiment the dry fecal matter in-

creased per period to the maximum average daily elimination

in the subcutaneous injection period (4th) and decreased to sub-

normal amounts in the post-subcutaneous injection and supple-

mentary periods. In the second metabolism experiment the

average daily quantity of dry matter in the fecal discharges was

above the normal elimination in the second (administration per

os') and all subsequent periods. The greatest eliminations in the

second metabolism experiment appeared to occur as a rule after

treatment with magnesium sulfate, whatever its channel of intro-

duction.

The average daily content of nitrogen in the feces was ascer-

tained in only one experiment—the second metabolism experi-

ment. See the remarks in this connection on p. 109.

Total nitrogen balance. The nitrogen balance was deter-

mined in the second metabolism experiment, but in no other.

See Table IX; also p. no.

Total urinary nitrogen. In all periods except one' the

total amount of recorded urinary nitrogen was above that of the

normal period. In both metabolism experiments the maximal

period e.xcretion of urinary nitrogen occurred in the post-hypo-

dermic injection period after cumulative increase to that period.

Possibly the local disintegrating effects of the subcutaneous

treatment was the prime factor in this result. Diuresis had

evidently nothing to do with the outcome in this respect in the

first metabolism e.xperiment, but may have greatly influenced

the result in the second metabolism e.xperiment. Administra-

tion per os had no immediate effect if any on the elimination of

total nitrogen. The high e.xcretion values for total nitrogen,

after subcutaneous injection, were not fully maintained in the

subsequent intravenous injection periods, although as stati^I

‘ There were possible exceptions after subcutaneous injection in the

fourth period of the first metabolism experiment (p. 89).

* First metabolism experiment, administration per os (second period).
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above excretion of total nitrogen was still supernormal in each

of them, and there was evidence of increased output of nitrogen

as a consequence of the treatment intravenously.

Partition of the total urinary nitrogen. The compara-

tive effects on the distribution of nitrogen among the leading

urinary nitrogenous constituents is shown at a glance in Table

XI, where the, sign means a value above that for the first normal

period; a — sign shows a subnormal quantity; an == sign stands

for no appreciable increase or decrease, as compared with the

normal value and an asterisk indicates that no determination

.was made. A blank signifies that the experiment was not dupli-

cated and that no comparative result was attained.

Ammonia, In a general way the tables show that ammonia
was increased both absolutely and relatively in every period

after the normal one.

Urea, The absolute amounts of urea were appreciably above
normal in neatly every period although the relative excretion

was subnormal after the period of per os administration in the

third experiment.

Creaiinin was essentially the same as urea in appearing in

larger absolute amounts than the normal in practically all post-

normal periods. Its relative excretion showed somewhat less

uniformity than urea*s.

Allantoin was like urea in passing into the urine in supernormal
amounts in nearly all the post-normal periods. Relatively its

excretion tendency was also similar to urea’s.

Uric acid was increased both absolutely and relatively in a
bare majority of the post-normal periods.

Purin bases. The nitrogen of purin bases exhibited diametric-
ally opposite tendencies in the two experiments, both absolutely
and relatively. Purin base nitrogen was in the main increased
absolutely and relatively in Experiment III, but decreased inboth
respects in Experiment VI,

Uitdetermined. The remarks made about the nitrogen of purin
bases apply to that of the undetermined products.
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General comparisons. Considering the data pertaining to

the partition of nitrogen from the standpoint of direct agreement

in the two experiments it is obvious that the increased elimina-

tion of ammonia in all the post-normal periods is the most strik-

ing and perfect concordance. That this increase was largely due

to the combination of ammonia with magnesium in the form of

ammonio-magnesium phosphate appears to be certain. The
increase indicated by our figures in the third experiment was

doubtless below the full increase that would have been exhibited

by a perfect method of determining ammonia nitrogenwhen in the

form of ** triple phosphate." In the sixth experiment, however,

possibly all the ammonia was recovered by the modified method
employed.

The nitrogen of urea, creatinin and allantoin, taken collectively

appeared in increased amounts, both absolutely and relatively

in a majority of the post-normal periods.

The results for nitrogen of uric acid, purin bases and undeter-

mined products were too discordant to permit of any such deduc-
tion one way or the other.

IX. SUMMARY OF GENERAL CONCLUSIONS.

Disregarding matters of detail that have been referred to in

connection with the discussion of the data of each experiment,
the following conclusions sum up the main results of the research

:

In these experiments, in which relatively large doses of magne-
sium sulfate were given to dogs, abscesses and sloughing followed
subcutaneous injections, but were not caused by intramuscular
or intravenous injections nor by administration per os. Very
iarge doses of magnesium sulfate could repeatedly be injected

intravenously without causing death, when care was taken to
conduct the process slowly.

Fluctuations in the weight of the animals, as well as in the
volume and specific gravity of their urines, resulted chiefly from
diuretic or diarrheal influences and the consequent compensatory
tendencies.

Administration per os caused diarrhea. Bone ash in the food
appeared to exert only a mechanical diminution of such diarrheal
tendencies. Injections under the skin or into a muscle or into
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the circulation failed to elicit any evidence of diarrhea, except

in one doubtful case after subcutaneous application. On the

contrary, such injections appeared to make the feces drier and
harder than ordinarily, and the urine volumes greater.

If there was any effect on the quantitative elimination of solid

matter in the feces, it was not more than a slight increase. The
same may be said of the contents of magnesium and nitrogen in

the feces.

In a general way elimination of nitrogen in the urine was

increased after the normal periods, but the increase was not

sufficient to warrant the conclusion that it was a direct effect

of the dosage. The absolute increase of urinary nitrogen

observed was registered chiefly in the form of urea, although the

relative excretion of the latter was below normal in Experiment

III.

The most striking and consistent effect on the partition of the

urinary nitrogen was the continued absolute as well as relative

increase of ammonia elimination throughout the whole of the

dosage part of each metabolism experiment, in spite of the fact

that the Folin method does not permit of complete recovery

of ammonia from crystallized ammonio-magnesium phosphate.

The increased elimination of ammonia nitrogen may be attributed,

in large part at least, to special formation and elimination of

ammonio-magnesium phosphate under the prevalent conditions.

The observations pertaining to the remaining nitrogenous con-

stituents of the urine have been summarized on p. let.

It is especially noteworthy that recovery from dosage with

magnesium sulfate, however profound the immediate effect of

such treatment may have been, was always prompt and apparently

complete so far as general observation and our data indicated.

That magnesium sulfate exercises surprisingly little effect on

nitrogen metabolism under the conditions of these experiments

has also been shown by the results.

In conclusion it gives me great pleasure to acknowledge my

sincere gratitude to Prof. William J. Gies, at whose suggestion

these experiments were begun and to whose constant advice

I owe their completion.



A NOTE ON THE CHEMISTRY OF THE MUSCLE AND LIVER
OF REPTILES.

By JOHN F LYMAN.

(From the Sheffield Laboratory of Physiological Chemistry, Yale University,)

(Received for publication, May 2, 1908.)

The paucity of data regarding the chemistry of the lower

vertebrates affords the occasion for recording a few observations

made at the suggestion of Prof. Lafayette B. Mendel, on the

muscles and liver of pythons. Aside from the studies of Kruken-
berg' we know of no investigations on these tissues in reptiles.

This author states that he found creatin and hypoxanthin in the

muscle extract of Python scsbce. Python fnolurus, and an alligator.

Through the kindness of Dr. L. J. Cole, we obtained 4 kilograms

of fresh muscle and the livers from two specimens of Python
reticularis (.?) which had just died. The water extracts of the mus-
cles were precipitated with alcohol, the filtrates concentrated under
diminished pressure, treated with lead acetate, and the lead-free

solution allowed to concentrate until a crop of crystals was
obtained. At subsequent stages in the examination of the

extract more crystals were separated, making a total of 8.2

grams which were identified as creating

Found: Calculated:

H,0 in . . 12.15 percent 12.08 percent
N in 32.0 ^ 32.15 “ «

The filtrate from the bulk of the creatin was concentrated to a
synjp, which was repeatedly extracted with hot alcohol. After
removal of the alcohol the solution was acidified with sulphuric
acid and extracted with ether in the Kutscher-Steudel apparatus.

'Krukenberg: Vergleichcnd-physiologische Sttidien, ii Reihe. ii Ab-
thcilung, p. 8z, 1882.

* Professor Mendel has separated creatin from the muscles of the turtle
Chelonc midas.
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From the extract 2.23 grams of zinc paralactate were prepared

in the usual manner and identified by analysis:

Calculated for
Found: (C3H^0;il2Zn.2H20:

HjO 13.0 percent 12.9 percent

Zn 24.3 “ 23 . S

The zinc salt was Isevorotatory. It is interesting to note in this

connection that fermentation lactic acid has been found in the

muscles of invertebrates by Henze‘ in Octopus, and by Mendel

and Bradley- in Sycotypus.

After removal of sulphuric acid with barium carbonate the

purins were separated from the residual extract by. precipita-

tion with an ammoniacal solution of silver chloride. As in the

case of the skeletal muscles of the higher vertebrates, nonstriated

vertebrate muscle,^ and embryonic vertebrate muscle,^ hypo-

xanthin was found to be the conspicuous purin derivative. Guanin,

adenin, and xanthin could not be isolated from the materia!

available. The hypoxanthin (0.33 gram) was identified as the

nitrate

:

Calculated for

Found: C5H4N4O. HNOj. H.O:

N 32,4 percent 32.3 percent

The fresh livers^ weighing 440 grams, were comminuted and

boiled 4 hours with 5 per cent sulphuric acid. From the filtrates

the purin derivatives were separated by the copper sulphate-

sodium bisulphite method according to the direction of Schitten-

helm.^ The products isolated were:

Uricacid^ 0.092 gram, recrystallized according to Horbaczewski's

method

:

‘ Henze: Zciischrift filr physiologische Chcmte, xliii, p. 477, hk-

2 Mendel and Bradley: American Journal of Physiology, xvii, p. 169,

1906.

^ Saiki: This Journal, iv, p. 4S3, igoS.

* Mendel and Leavenworth: American Journal of Physiology, xxi, p.

102, igoS.

* Schittenhelm: Deutsches Archiv fur klinischc Medizin, Ixx.xi, p. 45 °*

1904.
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Calculated for
Found: C^HiN^Oa:

N 33,99 percent 33 . 33 percent

Giianin, 0.39 gram, which was analyzed as the hydrochloride:

Found: Calculated:

H,0 in CjH5NjO.HCl.2HjO ... 16 .

8

per cent 16.1 per cent

N in C.H5N5O.HCI 37.2 “ “ 37.4 “ “

Adenin, separated as the picrate, 0.62 gram being obtained.

It was still impure after recrystallization, melting at about 265°

C. instead of 281^. Hypoxanthin and xanthin could not be

separated in amount sufficient for identification. From the

preceding observations it is apparent that the same purins are

present in the nucleoprotein complexes of these species as in the

higher vertebrates. The presence of uric acid is associated

with the well known synthetic capacity of reptiles in relation

to the end products of nitrogenous metabolism.





THE CHEMISTRY OF THE LIVER IN CHLOROFORM
NECROSIS (DELAYED CHLOROFORM POISONING).

By H. GIDEON WELLS.

(From the Pathological Laboratory of the University of Chicago.)

(Received for publication, June 23, 1908.)

Recently I reported the results of a complete analysis of a

liver exhibiting the typical conditions of acute yellow atrophy/

and while engaged in this analysis had the good fortune, through

the kindness of Dr. F. S, Tufts, to perform an autopsy upon the

body of a young man who had died a few hours before from the

condition of acute necrosis of the liver that occasionally follows

the administration of chloroform. This liver has now been ana-

lyzed in the same manner as was the acute yellow atrophy liver,

and certain steps have been duplicated with two normal livers

for comparison, all four livers having been obtained from robust

young men in the third decade of life. Some of the final figures

of all four analyses were included in the paper upon acute yellow

atrophy, but in the following report will be considered particu-

larly the chemistry of the liver in chloroform necrosis.

Delayed chloroform poisoning is an extremely serious, often
fatal sequence of the use of chloroform as an anesthetic, which has
only recently become generally recognized. Attention was called

to it in this country particularly by the articles of B allin and of
Bevan and Favill,^ and in England by Guthrie,^ while the chief

recent article in German literature s that of Guleke.^ It is not
my purpose here to go into the literature, or to discuss the clin-

ical and anatomical features of the case, which has been donemore
extensively in another place/ Briefly, the features of the effects

* Journ. of Expcr. ix, p. 627, 1907.
^ Journ. /Inter. Med. Assoc., xix, September 2, 1905,
’ Lancet, July 4, 1903.
* Arch. /. kUn. Chir., Ixxxiii, p. 602, 1907.
* Archives of Internal Medicine, i, p. 5S9, igoS.
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of delayed chloroform poisoning are as follows: After an opera-

tion, which may involve any part of the body but which is most
frequently abdominal, and in which chloroform has been used

as the anesthetic the patient begins as if upon the road to an

uneventful recovery; but after a period of from 12 to 72 hours

(generally about 24 to 36 hours), symptoms of restlessness, fear

and delirium appear, passing into coma which terminates after

two to four days, as a rule, in death. The persons are almost

always young persons, never past middle life, and the cases

reported in the literature seem to fall into two groups. In one,

which is seen chiefly in children, the manifestations are similar

to those of acid intoxication, with the so-called acetone odor of

the breath and the presence of acetone and diacetic acid in the

urine, more or less cyanosis, and sometimes distinct air hunger;

anatomically in these cases there is usually found a well marked

fatty degeneration of the kidneys, myocardium and liver, the

changes in the latter being described as chiefly in the periphery

of the lobules. The other type of poisoning has been observed

in young adults, and dift'ers in that with the onset of delirium

jaundice appears, and usually becomes profound, cutaneous hem-

orrhages often develop, there is more or less tenderness in the

region of the liver, the area of liver dulness decreases, leucin

and tyrosin may be found in the urine, and the clinical picture is

similar to that of acute yellow atrophy; at autopsy the liver is

found decreased in size, friable, yellow, extremely degenerated,

with necrosis of by far the majority of the liver cells, and there

is more or less necrosis and fatty degeneration of the kidneys.

The case that I have studied is of the second type, in which the

hepatic changes are for the most part similar to those of acute

yellow atrophy, and may be described briefly as follows: A vigor-

ous young man, 28 years of age, was operated upon for gallstones,

chloroform being given in a rather liberal manner. The opera-

tion, which amounted merely to an exploratory laparotomy, was

of short duration, and for the first 48 hours after the patient was

in good condition; then restlessness began, rapidly passing into

delirium and coma; jaundice appeared and became pronounced,

* There are, perhaps, a few instances in which a similar effect has

been produced by ether.
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and death occurred loo hours after the operation. At the

autopsy, performed twelve hours after death, the chief changes

were found in the liver, which had been reduced in size so that it

weighed but 1050 grams, this being rather under than over two-

thirds the normal weight for a man of this size and age. It had a

wrinkled capsule, and was strikingly shrunken, flabby, soft and

friable; it appeared as if badly decomposed, except that it had a

sweetish odor, and it was of a yellow color on the cut surface.

Microscopically the cells in the center of each lobule were found

necrosed, greatly decreased in size and number, granular, contain-

ing many small droplets, and causing an extremely disorganized

appearance of at least two-thirds to three-fourths of each lobule;

only the cells at the very periphery of each lobule still retain the

power of taking the nuclear stains, and even they are very

granular and contain numerous large droplets of fat. These

changes are quite similar to those seen in the early stages of

acute yellow atrophy, differing chiefly in the considerable amount
of fatty change that is present.

CHEMICAL ANALYSIS.

Immediately after the autopsy the liver was cut into thin

slices, and 850 grams (which constituted Si per cent of the entire

liver) was placed in a large volume of 95 per cent alcohol. After

hardening was completed the tissue was ground up in a meat
chopper and extracted repeatedly with fresh quantities of boiling

alcohol under a reflux condenser, the alcoholic extracts being
Altered off and united. Twice the residue was dried and ground
to a powder in a mill during the alcohol extraction, and after this

it was extracted in a Soxhlet apparatus with absolute ether until

nothing more could be removed. The ether and alcohol extracts
were united and evaporated to dryness under vacuum at a
temperature not exceeding 40®, the residue obtained weighing
^27.5 grams, or 15 per cent of the entire fresh weight of liver
taken. A sample of the fresh liver tissue was also weighed and
dried, and the water content was found to be 72.4, leaving 27.6
per cent of solids. The liver residue left after this extraction
was then extracted in a shaking machine repeatedly with fresh
quantities of water, then with w^ater at 50° to 60®, these extracts
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being united and evaporated to dryness at 40° to 45° in vacuo;

the weight of the dried extract was 5.03 grams. The residue of

liver tissue was then extracted with boiling water, changed fre-

quently, until the extracts were practically colorless. These

three distinct extracts (alcohol and ether, cold and warm water,

hot water) and the insoluble residue of coagulated liver tissue

were now available for separate analysis.

The hot water extract was concentrated to 100 cc., and four

volumes of absolute alcohol added; the precipitate was filtered

off, washed in 95 per cent alcohol, redissolved in hot water and

reprecipitated with alcohol. On dissolving this precipitate again

it was found to give a good Millon’s reaction, a bluish biuret

reaction, but not the Hopkins-Cole reaction for tryptophan. On
cooling it gelatinized, and when dialyzed for three days under

toluol in a celloidin sac the diffusate contained no appreciable

amount of solids and did not give the biuret reaction, indicating

the absence of proteoses and peptones. Therefore the precipitate

was pure, or nearly pure, gelatin. Determination of nitrogen in

an aliquot part of the solution indicated a total of 0.302 gram

nitrogen, which corresponds to 1.6S gram of gelatin (assuming

that gelatin contains 18 per cent of nitrogen): this amounts to

but 0.72 per cent of the total solids of the liver.

Evaporation of the alcoholic filtrate from the gelatin precipita-

tion yielded 3.81 grams, of solids, which was added to the 5.03

grams of residue from the cold and warm water extracts; deter-

mination of the nitrogen in an aliquot part of this mixture indi-

cated the presence of 0.894 gram of nitrogen, or 10 per cent of the

total solids in these watery extracts. This solution gave good

biuret and Millon reactions, and a faint reaction for tryptophan.

On addition of several volumes of alcohol to the watery solution a

granular precipitate was obtained, which was found to consist

chiefly of arsenic from the embalming fluid.^ The filtrate gave

a strong biuret reaction, and upon concentration to 50 cc. and

addition of five volumes of absolute alcohol there was obtained a

typical hygroscopic proteose-peptone mixture, which weighed

‘ An attempt at embalming had been made, but fortunately for mv

purposes this was very unsuccessful; the liver was not at all hardened

except a small part of the surface where embalming fluid injected into

the peritoneal cavity had come in contact with it.
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three grams when dry. This proteose-peptone mixture was then

dissolved in 50 cc. of water and precipitated fractionally with

ammonium sulphate according to the method of Pick, with the

following result:

First fractimi (half saturation) . A brown gummy mass, weigh-

ing about 0.5 gram. This gave a slightly purplish biuret reac-

tion, and was probably a mixture of gelatin and proteoses.

Secoiid fraciioit (two-thirds saturation). About 0.2 gram more

of brownish gummy precipitate, which gave a good pink biuret

reaction and a good tryptophan reaction.

Third fraction (saturation). Only a very slight precipitate,

giving a good biuret reaction and fair tryptophan reaction.

Fotirih fraction (filtrate). Gave only a faint biuret reaction,

therefore probably only a small amount of peptone present.

Composition op the insoluble coagulated residue. The
residue of insoluble liver substance left after all the extractions

had been completed, was dried to a constant weight and analyzed.

The total nitrogen was determined by the Kjeldahl method in a
sample, and found to amount to 14.48 per cent of the entire

weight, indicating that the substance is nearly pure protein. The
distribution of this nitrogen in the form of monamino, diamino
and amid nitrogen was determined in two samples according to

the Hausmann method as used by Osborne and Harris^ with the

following results:

I.

1

Average.
Per cent

total
nitrogen.

Amid nitrogen 0.52 0.5S 0.55 3.9
Humua nitrogen 0.S2 O.SO 0.81 5.7
Diamino nitrogen* 4.25 4,17 4.21 30.0
Monamifto nitrogent

i

S.45 8.45 8.45 60.3

Totals
i

14.04
1 14.00 14.02

i.

• ThU fractioa also contaias part of the purina.

t The monoainino nitrogen was determined directly in an aliquot part of the filtrate from
the phospbotungstic acid precipitate, and not by difference as is usually done. On this
account the total nitrogen obtained, 14.02 per cent is a trifle less than all the nitrogen
present, 14.4S, but thb statement of results is probably more nearly accurate than when
the determination is made by difference.

^ Journ, Amcr. Chem. Sac., x.\v. p. 323 , 1903 .
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Other portions of this liver residue were also analyzed for sul-

phur, iron and phosphorus, with the following percentage results;

I, n. Average.

Sulphur
1

MM 0.79

Phosphorus* KiM
Phosphorus im 0,90

Iron i

i 0.50
' 0.95
1

Ash
j

0.93

On account of the unexpectedly liigh figure for phosphorus in this analysis, in which

the combustion was made by fusing with sodium carbonate and sodium nitrate, another

pair of determinations was made by Neumann’s method, which gave the slightly higher

figures seen in the second row.

Pats and lipoids. The extracts with alcohol and ether, which

had been evaporated to dryness in vacuo, weighed 127.5 grams,

and this material was in turn thoroughly extracted with ether,

which dissolved out 75 grams, presumably fats and lipoids, this

constituting S.8 per cent of the total fresh weight or 32 per cent

of the solids of the liver. Therefore 18.8 per cent of the entire

weight of the fresh liver was proteins and extractives, 8.8 per

cent fats and lipoids, and 72,4 per cent water. The ether

extract was evaporated to dryness, dissolved in absolute alcohol

and made up to 250 cc., of which two 20 cc. samples were taken

for cholesterin determinations and two 10 cc. samples for lecithin.

Cholesterin was determined according to the method of Ritter,*

in which the fats are saponified with sodium alcoholate, dried out

in a large volume of salt, and e.xtracted thoroughly with ether

which dissolves out the cholesterin but not the soaps. Traces of

sodium alcoholate, soaps, and glycerin escaping into the ether

extract are removed by shaking out with water, and the chol-

esterin weighed directly after evaporating off the ether. The

amount found in the samples taken (0.353 gram in ^ of the

extract) corresponds to a total of 4.4 grams in the 850 grams of

fresh liver substance analyzed, or 5.4 grams in the entire liver;

this indicates that cholesterin constituted 0.52 per cent of the fresh

weight; 1.9 per cent of the total dry weight, 2.9 per cent of the fat-

free dry substance, or 5.9 per cent of the ether-soluble material.

‘ Zeitschr. f. physiol. Chem., x.x.xiv, p. 43 °. i9o3-
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Lecithin was determined by the method recommended by Koch

and Woods^ in which the lecithin is precipitated from an aque-

ous emulsion with acid chloroform, combusted by Neumann’s

method, and the phosphorus determined as magnesium pyrophos-

phate. The amount of phosphorus present, 0,0212 gram, in the

samples analj^zed, corresponds to 0.558 gram of lecithin in the

sample, or ie.95 grams in the extract from 850 grams of liver,

representing a total of 16 grams of lecithin in the entire liver.

This indicates that lecithin constituted 1.5 per cent of the fresh

weight, 5.5 per cent of the total solids, 8.1 per cent of the fat-

free solids, and 17.3 per cent of the ether-soluble material.

Amino-acids and purins. These were sought in the part of

the original alcohol extract that was left after ether extraction,

and in the non-protein portions of the watery extracts. These

were united, dissolved in water, and made up to 1000 cc., and the

nitrogen in a 10 cc. sample determined by Kjeldahrs method,

46.41 mg. of nitrogen was found in the sample, corresponding to

4.641 grams of nitrogen in the entire extract, the total weight of

which was 45 grams. This material gave a strong Millon reac-

tion, but only a very faint biuret reaction. It was examined
for amino acids and purins, following with slight modifications
the method used by Schumm^ in his study of autolysis in leukemic
spleens. As Schimim has given his procedure in detail it is un-
necessary to give here the details of the analysis. Briefly, the
diamino acids and purins were separated from the monamino
acids by precipitating in 5 per cent sulphuric acid solution with

phosphotungstic acid. From this precipitate, which contained
1.386 gram of nitrogen, were isolated the following substances:

I. Free purins. The total quantity obtained contained 0.0974
gram nitrogen, and from it was isolated 0.16 gram of hypoxanthin
silver nitrate, and a smaller quantity of xanthin silver. Adenin
and guanin could not be found.

II . Diamino acids. After removal of the purins from the
phosphotungstic acid precipitate, the diamino acids were sought
according to the method of Kossel and Kutscher. In the his-
tidin fraction was found gi mg. of nitrogen, which corresponds to

* Journal, i, p. 203, 1906.

^BcUr. z. chcm. Physiol, u. Paihol., vii, p, 175, 1906.
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0.34 gram of histidin. The arginin fraction contained but 32.2

mg. of nitrogen, and yielded a small amount of long rhombic
crystals, but the amount was so small that it is impossible to

tell whether this was arginin or not.

The fraction that should have contained the lysin contained

0.404 gram of nitrogen, but from it no lysin picrate could be

obtained
; instead there was a gummy mass, which gave a strong

biuret and good Millon and tryptophan reactions. This was
soluble in strong alcohol, and only a small part was precipitated

by saturating the solution with ammonium sulphate; the filtrate

from this precipitate gave strong biuret and Millon reactions, and

a faint tryptophan reaction, and therefore was either peptone or

polypeptid, most probably chiefl}' the latter.

III. Monamino acids. After removal of the phosphotungstic

and sulphuric acids from the filtrate from the diamino acid precip-

itate, the filtrate was concentrated and by fractional crystalliza-

tion was obtained 2.70 grams of what seemed to be chiefly a

mixture of leucin and tyrosin. By extraction with glacial acetic

acid 0.26 gram of pure tyrosin was obtained from the insoluble

residue, which was identified by its typical cottony appearance

when crystallizing out after purification, its insolubility in glacial

acetic acid, and its intense Millon reaction.

By cai'eful recrystallization of the filtrate from the tyrosin

after removal of the acetic acid and decolorization with animal

charcoal, leucin was obtained to the amount of 1.5 gram. This

was converted into a copper salt b}'’ boiling with fresh copper

oxide, and the typical bluish-white copper salt of leucin was readily

obtained in pure condition. After drying this at 112° a nitrogen

determination was made, and S.77 per cent of nitrogen was

obtained, the theory for the copper salt of leucin being 8.67 per

cent of nitrogen. Copper was determined, and found to be

19.9 per cent, the theory for the copper salt of leucin being 19.6

per cent.

Upon saturating with hydrochloric acid gas the concentrated

filtrate from the leucin-tyrosin crystallization, a considerable

amount of crystalline material came out, but on further examina-

tion this was found to be entirely inorganic, and not glutamic

acid hydrochloride. The filtrate from this was then esterified

three times according to the method of Emil Fischer, and about
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10. s grams of raw esters was obtained. This was fractionated

in the usual manner except that only the water pump was used,

the pressure throughout the distillation being 9 to 12 mm., and the

following fractions were obtained.
Grams.

Fraction I. Temp, up to 60®; weight of esters 4.0

« II. " 60®-100®; “ " 1.9

" III. " 100®-18S®;
“ “ 1.3

“ IV. Residue
“ “ 2.5

The first three fractions were hydrolyzed by boiling in water

eight hours with inverted condenser, and then evaporated to

dryness in vacuo over sulphuric acid at 45®. Fraction I yielded

0.58 gram of a crystalline white substance having a sweet taste

and melting at 240®; probably chiefly glycocoli. Fraction 11

yielded 0.99 gram of a substance similar to fraction I, except that

it had a mixed sweet and bitter taste and contained a few waxy
crystals resembling leucin; it melted at 250° and was presumably

a mixture of glycocoli with small amounts of higher amino acids.

Fraction III yielded 0.81 gram of a brownish, semi-solid sub-

stance, smelling like prolin and slowly forming a small amount of

crystalline substance.

Fraction IV was shaken out with ether and water until the

ether-soluble portion was removed. This ether extract was
hydrolyzed by evaporating with concentrated hydrochloric acid,

but only a very small amount of crystalline material, mixed wdth
a brownish amorphous substance, was obtained, insufficient

for purification and identification as phenylalanin which would
be found in this fraction if present. The watery extract was
hydrolyzed by boiling with barium hydroxide, and the barium
salts allowed to crystallize out, but after removing the barium
from the crystalline material no aspartic acid or other crystalline

organic substance could be found. The filtrate from the crystal-

line barium salts was freed from barium, concentrated to a few
cubic centimeters, and saturated with hydrochloric acid gas;
after standing on ice over night without crystallization the solu-
tion was inoculated with a cry’stal of glutamic acid hydrochloride
and a considerable amount of typical crystals of this salt came
out. This salt was separated by filtration through asbestos in
a Gooch crucible, and weighed 0.58 gram. It was recrystallized,
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and a nitrogen determination made, 7.74 per cent of nitrogen

being found, agreeing well with the theory for the hydrochloride

of glutamic acid, which calls for 7.63 per cent of nitrogen.

The chlorine was removed from the filtrate from the glutamic

acid with lead oxide, and after removal of the lead with hydrogen

sulphide a very small amount of slightly crystalline greenish

material was obtained. This was redissolved and a copper salt

was made, which was of a greenish yellow color and manifestly

impure
;
therefore it was impossible to determine whether aspartic

or any other amino acid was present in this fraction.

Fractions I and II were united, dissolved in 10 cc. of hot water,

and on addition of three volumes of hot absolute alcohol there

was obtained no precipitate, and none appeared on cooling,

indicating the absence of any appreciable amount of leucin or

alanin. Therefore the solution wds evaporated to dryness,

dissolved in a minimum amount of hot absolute alcohol, saturated

with dry hydrochloric acid gas and cooled. After inoculating

with crystals of the hydrochloride of glycocoll ethyl ester a

small amount of crystals of this type appeared. The yield

being unsatisfactory the chlorine was removed with lead oxide,

and a copper salt was made of the amino acid in the filtrate. On
analysis of the first fraction of this salt obtained on crystallization

13.58 percentof nitrogen and 30. 2 percent of copper were obtained,

the theory for the copper salt of glycocoll being nitrogen, 13.40

percent, copper 30. S per cent. Therefore, most if not all of the

first two samples, amounting to 1.57 gram, is glycocoll.

The third fraction, which resembled prolin, was made into a

copper salt, and the salt treated with absolute alcohol which

dissolved out a greenish, noncrystalline material, leaving the

crystals of the copper salt. This was analyzed for nitrogen, and

8.0 per cent found. The theor}'' for the copper salt of prolin

is 9.62 per cent, for aspartic acid 7.22 per cent, and for leucin

8.67 per cent. Possibly the salt obtained was an impure mi.xture,

but the amount available for analysis was too small to permit

of duplicate analyses or for copper determinations; therefore

the presence or absence of prolin cannot be determined, but from

the appearance and odor of the material it is probable that prolin

was present.
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DISCUSSION OF RESULTS.

This analysis has most interest when compared with the results

obtained by the analysis of two normal human livers and a

liver from a case of typical idiopathic' ' acute yellow atrophy,

which has been previously published,^ all four livers being from

young men of about the same age. In the acute yellow atrophy

liver the most interesting result was the isolation of a compara-

tively large number of amino acids in sufficient purity for their

identification; in the chloroform necrosis a somewhat smaller

number and smaller amounts were isolated, as shown by the

following table

:

Acute Chloroform
atrophy necrobia

Histidin. 0.64 0.34

Arginin 0

Lysin 1 04 ?

Tyrosin 0.70 0.26

Leucin 4.16 1.50

Glycocoll 0.20 1.57

Alanin 0.30

Prolin 0.35 present ?

Glutamic acid 1.00 0.58
Aspartic acid 0.28

Phenylalanin 9—
Total 8.67 4.25

With these resi4lts may be incorporated the results obtained
by A. E. Taylor, who has also examined for amino acids the
extracts from a case of acute yellow atrophy^ and one of chloro-
form necrosis.^ From the acute yellow atrophy liver he iso-

lated 0.35 gram of leucinand 0.612 gram of aspartic acid
;
from the

chloroform necrosis 2.3 gram of arginin nitrate, 2.2 grams of tyro-
sin, and 4.0 grams of leucin.

These figures of themselves indicate nothing as to the actual
quantity of free amino acids present, on account of the inade-
quacy of the analytic methods that are available for their isola-

tion; in each case the amino acids recovered account for only a

* Joiinu oj Expcr. Med,, ix, p. 627, 1907.
^ Jotirn. of. Med. Research, viii, p. 424, 1902.
^ Univ. of Calif. Publ. {Pathol.), i, 43, 1904.
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small fraction of the nitrogen present in the solutions containing

them, and less than one-fourth of the total weight of the esters

obtained from the chloroform necrosis liver could be recovered

as amino acids. Nevertheless it is of interest to find that so

many of these constituents of the protein molecule can be found

free in degenerated livers, even if only in small amounts. These

two analyses furnish the only instances that I can find in the

literature of the isolation of free glutamic acid and free prolin

from either human or animal tissues or excretions; the identity

of the glutamic acid was completely established in both cases,

but the prolin, although almost certainly present in the extracts

from the chloroform necrosis liver, could not be isolated in suffi-

cient amount for analysis and identification.

It might be expected that more free amino acids would be

found in the chloroform necrosis liver, in which the reduction in

size of the autolyzing liver took place in a few days, than in

the acute yellow atrophy liver in which the process was of some

six weeks’ duration. The fact that a smaller quantity of amino

acids was isolated from the chloroform necrosis liver may only

depend upon less success with the analysis, but it may mean that

there actually was a larger amount of free amino acids in the

acute yellow atrophy liver. If the latter explanation is correct

then we should be obliged to consider it as added evidence that

in acute yellow atrophy the free amino acids found in the liver and

secretions are not derived solely, or even chiefly, from the auto-

lyzing liver cells. Neuberg and Richter^ foun'd larger amounts

of free amino acids in the blood in acute yellow atrophy than

could be accounted for by the destruction of liver tissue going on

at the time, and concluded that there must be some other source

for them, possibly the intestine. The rather large amount of

amino acids isolated from the liver in the case of acute yellow

atrophy mentioned above is in favor of the same idea, and the

smaller amount present in the more rapidly digesting liver with

chloroform necrosis might be looked upon as of similar signifi-

cance, were not the value of quantitative results obtained with

such materials and methods so very questionable.

Proteoses and peptones were also present, and apparently

much more abundantly in the choloform necrosis liver, in the

' Dciitsch. iiicd. Wocit., xxx, p. 499. i9°4.
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extract from which were probably also considerable amounts of

substances related to the polypeptids. The relative abundance

of these substances intermediate between proteins and amino

acids in the chloroform necrosis liver is presumably dependent

upon the fact that here the autolysis was less advanced than in the

acute yellow atrophy liver.

In both livers the presence of free xanthin and free hypoxan-

thin was established, and in about the same amount in each.

Free guanin and adenin were absent from both livers, presumably

because they are so readily converted into xanthin and hypo-

xanthin by the hepatic enzymes.

The composition of the coagulated and insoluble proteins of the

liver left after thorough extraction with alcohol, ether, cold and
hot water, is found to be quite the same in chloroform necrosis

as in normal livers, as shown by the following table giving the

results of analysis by Hausmann's method

:

Acute
1

atropny.
Normal

:
(anemic).

Normal
(congested).

j

Chloroform
necrosis.

Amid nitrogen 5 0
1

3.7 4.S 1 3.9

Humus nitrogen
1 3 G i 3.4 i

4.9 ! 5.7
Diamino nitrogen 26.2 : 32 8 : 30.0
Monamino nitrogen 64.8 60 3

j

60.2 ’

i CO.

3

In considering these figures it must be borne in mind that
we are dealing with liver tissue from which not only the extract-

ives, fats and lipoids have been removed, but also the greater

part if not all the gelatigenous substances. Analysis of liver tissue

by other observers in which these extractions have not been made
are, it seems to me, of uncertain value, especially in pathological

livers in which the great variation in fat as well as extractives and
connective tissue can by themselves produce great alterations

m the percentage figures, which are then incorrectly ascribed to
the essential constituents of the liver cells themselves. Further-
more, it must be considered that the degree of regenerative pro-
liferation and leucocytic invasion that is taking place in the
liver will modifygreatly the amount of purins and nucleoproteins.
Taking these figures at their face value, however, they may be
interpreted as meaning that the decrease in diamino nitrogen
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which Wakeman' found to be so striking in the livers of dogs
poisoned with phosphorus, and which was found to a less extent

in my case of acute yellow atrophy, was not exhibited by the

liver showing extensive necrosis from chloroform. More recently

Wakemarf has analyzed a liver said to show acute yellow atro-

phy, in which there was found no decrease in the nitrogen of the

bases. To draw any conclusions from these isolated observa-

tions, however, would not be warranted.

Determination of insoluble sulphur, phosphorus and iron in the

extracted residues of these livers, diseased and normal, gave

results that are difficult of interpretation. The following table

gives the percentage amounts of these inorganic elements in the

residues

:

Acute
atrophy.

Normal
(anemic')

.

Normal
(congested).

Chloroform
necrosis.

Sulphur mm
Phosphorus*. . . . !

Iron 1.22m
* Average of four analyses of each specimen.

While the sulphur is practically constant in amount in all four

specimens, in spite of the great structural changes in the two

diseased livers, the insoluble phosphorus in each of the latter

is increased to about four times the amount present in the nor-

mal livers. The increase in the phosphorus in the acute yellow

atrophy may be readily explained as the result of the great pro-

liferative activity exhibited by the cells of the stroma and bile

ducts in areas wffiere regeneration is taking place, which causes the

presence of large numbers of new cells rich in nucleic acid. No

such explanation is available for the increase of phosphorus in

the chlofofomi necrosis liver, however, for in this specimen there

is not only no proliferation, but also by far the majority of hepatic

nuclei have disappeared, making it doubly hard to account for

this decided increase of insoluble phosphorus. It is barely

possible that some of the lecithin phosphorus has been so fixed

» Journ. of Exper. Med., vii, p. 292, 1905.

’This Journal, iv, p. 119, i9°8.
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that it cannot be extracted from the cells, in view of the fact that

there has been some loss of lecithin in both livers, but it is not

probable that such a change could account for more than a small

fraction of the increase in phosphorus that was observed. In any

case these figures show that necrosis of the liver cells, with dis-

appearance of the majority of stainable nuclei, is not necessarily

associated with a decrease in the amount of insoluble phos-

phorus as would be expected.

In agreement with the histological picture, the strikingly large

amount of gelatin obtained from the acute yellovr atrophy liver

as a result of the connective tissue proliferation present in this

condition was not found in the liver of chloroform necrosis.

While the acute yellow atrophy liver yielded 13.8 grams of gela-

tin or 10.1 per cent of the dry, fat-free tissue, a normal liver

yielded but 3.2 per cent of the dry fat-free tissue as gelatin, and
in the chloroform necrosis but 1.5 per cent was gelatin.

There was no such increase of the proportion of water in the
liver as is found constantly in acute yellow atrophy, as shown in

the following table:

Normal liver (Quincke)
Normal Viver (W ells)

Acute atrophy (Peris)
“

“ (Peris)
“

“ (v.Starck)

“ (Taylor)

(Wakeman*) . .

.

“
“ (Wells)

" (Vocgtlinf)

Phosphorus poisoning (v. Starck)
Fntty degeneration (v. Starck). .

.

Chloroform necrosis (Wells)

Water. Fat.
Fat-free dried
aubstances.

7G.1
1

3.0 20.9
77.6 5.0 1 17.4

81.6 ! 8.7 9.7

76.9
'

7.6 1 15.5
80.5 ^ 4.2 1 15.5

85.8 2.0 12.2

79.3

83.8 2.5 13.7
78.0 6.6 15.4
00.0 29.8 10.0

1 64.

0

25.0 11.0

•

j

72.4 8.8 IS.S

• Tlua Journal iv. p. UQ. IQOS.
\ Johns Hopkins Hospital Bull., xix, p. 50. 190S.

The chloroform necrosis liver stands between the typical acute
yellow atrophy liver and the ordinary fatty liver, according to its
analytic figures as well as according to its histology. That
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is, there has been some replacement of water by fats, but not so

much replacement of protein by water as in, acute atrophy.

These figures emphasize the fact that in acute yellow atrophy there

is no increase of fat in the liver, and that in chloroform necrosis

the amount of fat is distinctly increased, although not so much
is found chemically as might be expected from the microscopic

findings.

The amount of lecithin and cholesterin in this liver is by no

means so greatly altered from normal as was found to be the case

in acute yellow atrophy, as shown by the following table:

LECITHIN. CHOLESTEKIN,

Normal

anemic.

na
0)

1

Chloroform

necrosis.

Acute

atrophy.

Normal

anemic.

Normal

congested.

Chlorofonn

necrosis.

Acute

atrophy.

Per cent i

of fresh weight . . . .
|

1

! 1.6:
i

1.4
1

1.5j 0.45 0.26

1

1

0.37 o to 0.3

of total dry weight

.

G.3 ' G.25,
'

2.9 ' 1-0 ! 1.7 ' 1.9 l.S

of dry fat-free ma-
terial i

; 7.7

i

! S.O I S.li 3.2 1.25 ! 2.1 ‘ 2.9
!

2,1

of ether-soluble sub-'

stances ' 35.3

1

* 28.0

1

17.3;
' 17.6 5.7 7.4 5.9 11.1

entire liver 23.
7|

1

22.4 ' 16. o;

1 1

4.4 3.S 5.951
1 )

i

5,4 3. 38

While the total amount of lecithin has decreased, this is only

in proportion to the decrease in the total size and weight of the

liver; this proportional decrease has gone on in spite of a relative

increase in the amount of simple fat, showing the same lack of

correlation between the lecithin and the neutral fat which has

been observ^ed by others who have determined the lecithin con-

tent of organs showing fatty degeneration. Evidently, there-

fore, the increase in the fat content of the liver in chloroform

necrosis is due entirely to simple fats. The cholesterin. on the

other hand, has apparently remained in about the normal amount,

and has not decreased with the lecithin and proteins; this is quite

what might be e.xpected from what we know of the tendency of

cholesterin that is liberated by degenerating cells to remain at

the place where it is formed.
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The only other analysis of a liver showing chloroform necrosis

that has been recorded in the literature is the one published by

A. E. Taylor.^ This case was very similar to the one described

above, both clinically and anatomically. The liver weighed

1200 grams, was very soft, friable, and “putty-like,” showing

microscopically widespread degeneration of the liver cells. It

contained over 200 grams of fat, and from the extracts were

obtained 4 grams of leucin, 2.2 grams of tyrosin, and 2.3 grams

of arginin nitrate. The other constituents of the liver were not

determined.

These two analyses corroborate one another in showing the

presence of free amino acids in amounts large enough for identi-

fication in the liver of chloroform necrosis. The amino acids

are presumably derived from autolysis of the liver cells, although

it is by no means certain that part of the free amino acids found

in the liver may not have come from some other source.

SUMMARY.

In the necrosis of the liver which occasionally follows chloro-

form anesthesia there is a rapid autolysis of the liver cells,

resulting in a loss of as much as one-third or more of the solids in

three or four days, and indicated chemically by the presence of

free amino-acids, purins, proteoses, peptones and polypeptids in

the liver. Several of the amino-acids were present in quanti-
ties large enough to permit of their isolation and identifica-

tion. Despite the loss of nearly all the nuclear structures of
the liver the amount of insoluble phosphorus was found in the
specimen examined to be increased, without alteration in the
amount of insoluble sulphur. The distribution of the nitrogen
as mono- and diamino acids in the insoluble coag\ilated liver

proteins is not different from that of the proteins of the normal
liver. There is a moderate degree of fatty metamorphosis, the
microscopic and chemical findings corresponding in this respect;
this increase in ether-extractive material being due to infiltration
of simple fats, while there is a slight decrease in the lecithin and
no alteration in the amount of cholesterin. There is less replace-
ment of proteins by water and more fatty infiltration than in
acute yellow atrophy.

‘ Univ. of Calif. PM. {Pathol.)^ i, 43, 1904.





ON THE INFLUENCE OF TEMPERATURE UPON THE
SOLUBILITY OF CASEIN IN ALKALINE SOLUTIONS.

By T. BRAILSFORD ROBERTSON,

{From the Rudolph Spreckels Physiological Laboratory of the University of

California.)

(Received for publication, June lo, 1908.)

In previous papers' I have suggested that a solution of a protein

may be regarded as a system of polymeric modifications of the

amphoteric electrolyte HXOH, the point of equilibrium being

shifted by any variation in the conditions, such as the addition

of acid, alkali, salts or the application of heat, which influences

the concentrations of the protein ions; just as the simplest pos-

sible amphoteric electrolyte, namely, water, consists of a mix-

ture of polymeric modifications of the molecule HOH, the point

of equilibrium being shifted by alterations in temperature.^

From this point of view the process of heat-coagulation would be

regarded somewhat as follows; by repeated condensations of the

type

HXOH + HXOH = HXXOH -f H^O

larger and larger molecule-complexes are formed until the molecu-
lar aggregates assume the properties of matter in mass and the

solution assumes the character of a suspension which is usually

unstable, the protein particles being thrown out of solution in the
form of coagula or floccuU. If this point of view be correct then
It follows that one of the effects of applying heat to a protein

solution must be the shifting of an equilibrium of the type:

HXOH + HXOH ^ HXXOH + H^O

towards the right; were this so it would follow from van't Hoff's
** principle of mobile equilibrium" that the hydrolysis of pro-

Brailsford Robertson: Jotirn. of Physical Chcm.^ x, p. 524, 1906;
P* 453* 1907; This Journal, iv, p. 23, 1908.
'Svante Arrhenius: Text-book of Electro-chemistry, Trans, by John

^feCrae, p. 116, 1902; Wm. Sutherland: Phil, Mag,, 1
, p. 460, 1900.
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teins is accompanied by the evolution of heat, which conclusion

is in complete accord with experimental observation in so far as

positive results have been obtained.' The hypothesis is further-

r 'ore in accord with the view that heat-coagulation is accom-
paxiied by the withdrawal of water from the protein.- Views
in many respects similar to these have been expressed by a

number of authors. Mann, indeed, states that in his opinion

heat-coagulation is “brought about by one portion of the albu-

min molecule ’precipitating the remainder,” a view which is

essentially similar to that expressed above.^ In this connection

it is also of interest to note that many authors have considered

that the initial stages of protein hydrolysis consist in the “de-

polymerization” of the protein molecule.' Sutherland has also

pointed out that the weight of different proteins which com-

bines with a gram equivalent of a heavy metal is a simple

multiple of the lowest observed weight and he deduces therefrom

that there is a large amount of “internal salt” formation in pro-

teins; he has also expressed the view, practically identical with

that put forward above, that coagulation of a protein is the

result of polymerization through the neutralization of “valencies

which are usually latent.

If the heat-coagulation of a protein consists in the polymeriza-

tion of the amphoteric protein molecule with the elimination of

water, according to the equation given above, then the influence

of heat upon a compound of a protein with a base should be of

the follo\ving type:

NaXOH + NaXOH NaXXOH + NaOH

‘ The heat of reaction of protein hydrolysis is extremely small, observers

have either failed to detect any change in the heat-content of the system

or else have observed a very slight disengagement of heat. Tangl: Arch,

f. d. gcs. Physiol., cxv, p. i, 1906; v. Lengyel: Ibid., p. 7; Hari: Ibid.,

p. II, Ibid., exxi, p. 459, 1908.

’Michailow: Client. Centralb., p. 1088, 1887; Starke: Zeitschr. f. Biol.,

Jubelband z. Ehren v, C. Voit, p. 206, 1901.

^Gustav Mann: Chemistry of the Proteids, London, p. 318, 1906.

* Maly: Arch. f. d. ges. Physiol., ix, p. 385, 1874; xx, p. 315, 1879: Herth:

Zeitschr. f. physiol. Chcm.,i, p. 277, 1878; Poehl: Ber. d. deutsch. chem.

Gescllsch.,p. 1355, 1881; .p. 1152, 1883: Loevv: Arch. f.d. ges. Physiol.,

xxxi, p. 393, 1883.

‘ Wm. Sutherland: Pros. Roy. Soc., London, p. 130, 1906.
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and the solution of the compound should become more alkaline

on heating. The marked increase in the alkalinity of solutions of

thecaseinates of bases, which occurs on heating, has been observed

by Osborne/ but his interpretation of the phenomenon is quite

different to that which is suggested above. He considers that

the action of heat consists in increasing the hydrolytic dissocia-

tion of the caseinate. Since the free casein is very insoluble and,

presumably, very slightly dissociated, an increase in the degree

of hydrolytic dissociation of the salt would lead to an increase

in the alkalinity of the solution, and furthermore, mightbe reason-

ably expected to lead to a marked opalescence of the solution or

even to the precipitation of casein, since the free casein is insoluble

in water. A marked increase in opalescence, on heating to 35®

to 45° C. was observed by Osborne in solutions of calcium, barium,

magnesium and lithium caseinates but it was not observed in

solutions of sodium, potassium or ammonium caseinates; if the

opalescence were due to undissociated casein being set free by
hydrolytic dissociation it is difficult to see why it does not occur

in solutions of sodium and potassium caseinate and especially

in solutions of ammonium caseinate in which, as Osborne him-
self points out, since the ammonium hydroxide is a very weak
base, hydrolysis might be expected to be especially intense. It is,

however, possible to decide between the two hypotheses in a very
simple way. I have shown in a previous paper^ that a given
amount of alkali dissolves just sufficient casein to form the
“neutral caseinate'* of the base (such that 8 cc. of^ alkali — x

gram of casein) and that the resulting solution is neutral to lit-

mus. If the influence of the application of heat upon this solu-

tion consisted in increasing the hydrolytic dissociation of the
caseinate it would follow that the power of the given amount
of alkali to bind casein is diminished by heat and therefore the
solubility of casein in a given concentration of alkali would be
diminished by an increase in temperature; on the contrary if the
influence of the application of heat upon a solution of a neutral
caseinate consists in the shifting of the equilibrium of the sys-
tem in the direction:

NaXOH + KaXOH NaXXOH + KaOH
* W. A. Osborne: Journ. of Physiol., xxvii, p. 398, 1901.

Brailsford Robertson: This Journal, u, p. 317, 1907.
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then the alkali set free should be capable of dissolving more
casein, or in other words, the solubility of casein in a given con-

centration of alkali would be increased by an increase in temper-

ature. From either hypothesis the increase in the electrical con-

ductivity of the solution upon heating, which was observed by
Osborne, would necessarily follow. The following experiments

were undertaken with a view to ascertaining which of the alter-

native hypotheses represents the facts more accurately.

EXPERIMENTAL.

It has been pointed out by Osborne, in the paper referred to

above, that the influence of temperature upon solutions of casein-

ates is reversible, i. e., that the opalescence and increase in alka-

linity which appear on heating disappear on cooling and reappear

on heating again. This is probably true for all heat coagulations

but where the protein is thrown down in coagula the hysteresis

of the system (owing to the excessive internal molecular friction

of large aggregates) prevents its reattaining equilibrium with a

measurable velocity on cooling. That the equilibrium charac-

teristic of low temperatures is rapidly regained if heat-coagula-

tion is not pushed too far, so that the molecular aggregates which

are formed are not too large, has been shown by Corin and An-

siaux* who find that the first traces of coagulation disappear on

quickly cooling and shaking the solution. We may, therefore,

assume that a solution of a caseinate which has been heated

regains, on cooling, its original condition and power of neutraliz-

ing bases. The method of procedure was as follows. Five, ten

etc., cc. of ^ potassium or lithium hydrate or of a saturated

solution of calcium hydrate (approximately were diluted

to 100 cc. with distilled water, placed in tightly stoppered Erlen-

meyer flasks and warmed in a thermostat to the desired tempera-

ture. Three times the amount of casein which would be dis-

solved by the given amount of alkali at room temperature (i. e.,

3 grams to every 5 cc. of xir alkali) was then introduced and the

mixture left in the thermostat for from thirty to forty minutes,

being vigorously shaken at frequent intervals. The resulting

solution was then filtered in the thermostat (the filter and the

receiving vessel having been previously warmed to the desired

‘ Corin and Ansiaux: Bull, do I’acad. roy. do Belg., No. 21.
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temperature) and the filtrate was allowed to cool or was cooled

by immersing the containing vessel in tap-water. The tempera-

tures were defined to within An aliquot part (25 cc.) of

the solution was then titrated against the alkali which had been

used to dissolve the casein, phenolphthalein being used as indi-

cator. Since 8 cc. of xtt alkali neutralize one gram of casein to

phenolphthalein^ if the amount of alkali originally contained

in the volume of solution titrated is known and the amount
which it is necessary to add in order to secure neutrality to phe-

nolphthalein is ascertained the amount of casein contained in the

solution can immediately be deduced from the relation i cc. ^0
alkali = .125 gram of casein. In a previous paper I have shown
that this method of determination yields reliable results.^

The following were the results obtained

:

Concentration of the
alkaline solution.

23X10-^ N KOH
46X10''*

“

69X10“* «

Grams of casein dissolved per 100 cc. solution at

—

36® 46®
I

54'" 60'" 66® 81® 88®

0.92 0.92

44X10“* LiOH 0.89
88X 10"^ " 1.77

45X10-* Ca(OH), 0.90

90X10-' “ 1.80

0.52

1.34 1.27 1.34 1,13

2.11

3.05

1.28 1,14 1.60 1.20

2.95

0.65 0.63 0.64 0,63

It is evident that the power of the bases, potassium hydroxide
and lithium hydroxide, to dissolve casein is greatly increased by
increasing temperature. In all cases, the solutions, at the tem-
peratures indicated, were acid to phenolphthalein and approxi-
mately neutral to litmus so that the effect of heating a solution
of a caseinate cannot be to increase its hydrolytic dissociation.
The facts are much more readily explained on the supposition
that the effect of temperature consists in shifting the equilib-
rium;

HXOH + HXOH^HXXOH + HjO

* Van Slyke and Hart: Awvr. Chcm, Journ., xxxiii, p. 461, 1905 ; T.
Brailsford Robertson: This Journal, ii, p. 317, 1907 .

^T. Brailsford Robertson: This Journal, ii, p. 317 , 1907 .
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towards the right so that a given, amount of alkali, since it is

associated with a molecule of nearly double the weight, neutral-

izes nearly twice as much casein at 66° as it does at room tem-

perature (21 °). The marked diminution in the solubility of

casein in calcium hydrate solutions which' occurs on raising the

temperature can be explained by supposing that the salt

Ca(XXOH)o is insoluble while the salt CafXOH), is soluble, and

this explains also why Osborne obtained an increase in opal-

escence upon heating solutions of calcium, magnesium and ba-

rium caseinates but not upon heating solutions of potassium,

sodium and ammonium caseinates. Since calcium hydrate

solutions do not fail, at any of the temperatures investigated, to

dissolve some casein it is evident that the conversion of the casein

molecule HXOH into double, triple or higher polymers cannot

be complete but that an equilibrium between the two forms exists

at every temperature. Since calcium hydrate solutions of dif-

ferent concentrations dissolve different amounts of casein at the

same temperature (as can be deduced by interpolation from the

above table) the amount which is dissolved by any giver con-

centration of calcium hydrate cannot represent, merely, satur-

ation of the solution with the salt CafXXOH), or Ca(XXX0H)3
but must represent also the solution of the calcium salt of unpoly-

meri’ed molecules in equilibrium with a saturated solution of the

calcium salt of the polymerized molecules. It appears probable

in the light of these results, that the view which I have pre-

viously expressed is the correct one, namely, that the influence

of heat upon proteins consists, among other effects, in shifting

the equilibrium among the polymeric modifications of the am-

photeric protein molecule in the direction of higher complexes.

An alternative hypothesis, which would cover the above facts,

is that casein acts as a dibasic acid and that at room temperatures

salts of the type NajXfOH)^ are formed while at higher tempera-

tures acid salts of the type NaHX(OH)3 are formed. The fact that

solutions of both the neutral and “basic” caseinates obey Ostwald's

dilution-law for a salt of a monobasic acid, however, excludes

this possibility.* A possible source of error in the above experi-

» T. Brailsford Robertson: Journ. of Physical Chom., xi, p. 542. 1907:

Ibid, (shortly to appear).



T. Brailsford Robertson 153

mental determinations may be mentioned. Solutions of the

neutral caseinates undergo fairly rapid auto-hydrolysis, about

one-third being hydrolyzed in twelve hours at 37°.^ This effect

would of course be negligible in the short period during which

the solutions are being prepared, but at higher temperatures the

velocity of hydrolysis would probably be increased and this

might conceivably vitiate the accuracy of the titrations. Special

determinations made with a view to estimating the magnitude

of the error thus introduced showed that it was nearly inappre-

ciable. Thus 100 cc. of 46 X 10"*^ KOH at 88° dissolves r.13

gram of casein, the solution having been allowed to stand in

the thermostat for one-half hour. After three hours in the thermo-

stat the titration indicated that 1.25 gram had been dissolved.

The error at 88° in half an hour would therefore be, in this solu-

tion, about .04 gram and at lower temperatures and in more
dilute solutions it must, of course, be considerably less. It may
here be noted that in none of the solutions in which more casein

was dissolved at higher temperatures than would be dissolved

at room temperature was any appreciable tendency towards
precipitation of casein on cooling observed, although in many
cases there was a marked increase in the opalescence of the solu-

tion. This is, however, not surprising since an appreciable
amount of acid may be added to a solution of alkali ‘‘saturated”
'vith casein at room-temperature before precipitation occurs.
Such solutions are possibly to be regarded as being “super-
saturated” with casein and in a condition of unstable equilibrium.

CONCLUSIONS.

(i) The solubility of the casein in alkaline solutions is con-
siderably augmented by carrying out the process of solution
at temperatures above 40° C.

^

(2) It is pointed out that this fact is not in harmony with the
view that a rise in temperature increases the degree of hydrolytic
dissociation of solutions of the caseinates.

(3) In explanation of this fact and of the increase in alkalinity
and electrical conductivity of caseinate solutions upon heating,

"T. Brailsford Robertson: This Jountal, ii, p. 317, 1907.



154 Influence of Temperature upon Solubility of Casein

which were observed by Osborne, it is suggested that the influence

of heat upon proteins consists, among other effects, in shifting

equilibria of the type:

HXOH + HXOH HXXOH + H^O

in the direction of higher complexes, and that heat-coagulation is

a result of repeated condensations of this type.

(4) The solubility of casein in solutions of various concentra-

tions of potassium hydroxide, lithium hydroxide and calcium

hydroxide at various temperatures has been determined.
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of California.)

(Received for publication, June 3, 1908.)

In a recent number of this Journal^ H. Lund^n^ has raised a

number of objections to statements and computations made by
me in my paper on the dissociation of serum globulin at vary-

ing hydrogen ion concentrations.^ While in dealing with his

objections, I should have preferred to bring forward additional

experimental matter, yet as pressure of other work forbids

this just at present and as Dr. Lunddn*s statements are, in

many cases, very misleading, I have thought it advisable not to

delay publication of the following short review of some of the

more important points raised by him. The first of my state-

ments to which Lunddn takes exception is that to the effect

that the method which has frequently been used to determine the

dissociation-constants of amphoteric electrolytes, namely, by
estimating the hydrolysis of a salt and proceeding to calculate

the dissociation-constant in the usual manner for non-amphoteric
electrolytes “can only give even approximately accurate values
for the larger function if it be sufficiently large compared with
the other, otherwise the dissociation-constants obtained in this

way are subject to considerable error,” and he proceeds to demon-
strate that the method can be used even for determining the
smaller constant without appreciable error. That an error
is introduced by this procedure, however, he admits, and he
proceeds to estimate the magnitude of the error under varying
conditions. The computations thus tabulated by Dr. Lunden are
of considerable interest and value and I am gratified that my
imperfectly accurate statement should have elicited them. It is

* H. Lunddn: This Journal, iv, p. 267, 190S,
T. Brailsford Robertson: Journal of Physical Chem., p. 437, 1907.
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a question, however, to what extent my objection to the method
has been invalidated by Dr. Lunddn’s computations in so far

as the particular problem under consideration is concerned,

namely, the equilibrium of proteins in acid or alkaline solution.

Lunddn estimates that if the dissociation-constant which is

being determined is less than io~“ while the other dissociation-

constant is less than 10 and the dilution is less than 100 then

the correction which must be applied to the constant as deter-

mined by the usual method is less than 1 per cent. As he points

out, however, at dilutions greater than this or if the dissociation-

constant which is not being determined is g/'ea/e;- than lo'Hhen
the correction may assume considerable importance and he illus-

trates this fact by referring to the case of aspartic acid. Now equi-

libria in protein systems are, of necessity, usually investigated

at high dilutions and consequently the correction may, in these

cases, be expected to be of appreciable magnitude. Moreover,

Dr. Lunden’s statement (p. 280 of his paper referred to above)

that cases in which one of the constants is greater than 10 are

not likely to occur among the proteins betrays a lack of familiarity

with these bodies. Thus casein is practically insoluble in water*

yet a suspension of casein in water will displace carbonic acid

from carbonates.' Since the molecular concentration of dissolved

casein, under these conditions, must be exceedingly minute

casein must be a considerably stronger acid than carbonic acid.

Serum globulin, judging by its general behavior, cannot be far

inferior in strength to casein while some of the mucins and nucleic

acids are not improbably stronger.

In my paper upon serum globulin the various symbols employed

have the following significance

:

The protein molecule (
= HXOH) is in equilibrium with the

acid HCl, in the solution we have the following ions and mole-

cules in the concentrations mentioned below:

H+ OH- XOH- HX+ HXOH XX Cl- HXCI

a b c d e f r M-

‘T. Brailsford Robertson: This Journal, ii, p. 317, 1907: van Slykeand

van Slyke; Amer. Chem. Journ., xxxviii, p. 383, 1907; this Journal, iv, p.

259, 1908.

’ W. A. Osborne: Journ. of Physiol, xxvii, p. 398, 1901.
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The ionic velocities of the and Cl“ ions in cm-sec. are writ-

ten, respectively, U and V while that of the protein ions (assumed

to be equal for the positive and negative ions) is written v. The

total amount of hydrochloric acid present, combined and uncom-

bined, is written a^ while the quantity — a which is the amount
of acid neutralized (determined by the gas-chain) is written m.

The difference between the measured conductivity of the solution

and the calculated conductivity of the imcombined HCl is writ-

ten A while the constant quantity

V -vK^k^
V + V ki,

is written H.

On p. 281 of the paper referred to Limddn states that “from the

equations [16], [13] and [10] in the paper of Robertson it follows

that:

2V

A
^ ^

a. a = m = — — 77— = d — c
V V dr H

= m — d + c'

Hence:

= o

and

c = a-hai — a = ai

Robertson consequently makes the supposition that the salt is

completely ionized = 0) and he also makes the supposition
that the concentration of the Cl ~ ion is equal to the total con-
centration of Cl {y = a^) . These are the same suppositions as
I have made in the former part of this paper.”

Dr. Lund^n is evidently endeavoring to convey the impression
that I have overlooked or omitted to mention certain assumptions
hidden in my equations. Were Lund^n's quotation accurate
this would certainly be the case but it is not and although criti-
cism IS welcome I must beg leave to protest against misquotation.

* In Lund^n^s paper this equation is erroneously written p- «
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The statements actually made in my paper (p. 440) are as fol-

lows :

In practice it is found that the term;

is negligible, when the ampholyte is chiefly acid, except at com-

paratively high concentrations of the acid HA (HCl), so that

for low concentrations of the acid HA (HCl) we have

:

2 V
> T /"O O ^
A V‘—V „

V -{ V a-‘ ~ H

This latter equation being the one quoted by Lunddn. It will

be seen that the term which experiment showed could be rejected

is equal to p (by substituting from equations [10] and [ii] in

my paper) but at no step in my analysis was the supposition

made that it was equal to zero: on the contrary, for the values

of the constants given in my paper it was an experimentally

ascertained fact that the value of p was very small and it is

Lund6n who makes the supposition that it is negligible and not

I. In fact in Table III of my paper I evaluate p for the various

dilutions employed; this would hardly have been a consistent

procedure on my part I had previously assumed that p was zero.

In what follows I cannot subscribe to Dr. Lunddn’s logic.

Adopting the value for v which I found to fit the equations

evaluated above and assuming that it is correct he proceeds to

demonstrate, by its help, that these equations do not apply to

the system under consideration; later on he uses my constant

K k—-—

~

for the same purpose; but if, as Dr. Lunddn supposes.
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the above equations are not applicable to this system then the

constants deduced by employing them certainly cannot be

accurate and Dn Lund^n is not justified is assuming that they

are correct in order to demonstrate that the equations are

erroneous. It is not necessary, however, to impugn Dr. Lunden’s

logic in order to account for certain of the contradictions which

he has discovered between my experimental data and his equa-

tions. If Dr. Lunden will peruse the ninth line of print on p.

446 of my paper he will discover that in applying equation [21]

of his paper he has equated quantities determined at 25° to

quantities determined at 18*^; this being the case it is not improb-

able that Dr. Lund^n’s statement that **the values of d and c

calculated from equations [21] and [23] are all absurd" will meet
with general acceptance. As a matter of fact Lunden's equa-

tion [21] cannot, with accuracy, be directly applied to these

observations because although we know with considerable accu-

racy the temperature-coefficient of the conductivity of solutions

of hydrochloric add we do not, with such accuracy, know the tem-

perature-coefficient of the ionic velocity of Cl 'nor the manner in

which this depends upon the concentration of the solution. In
the equations which I employed, on the contrary, since the only

temperature-coefficient which had to be introduced was that for

hydrochloric acid of concentration = a the introduction of the
correction for temperature involved no appreciable inaccuracy.

Dr. Lunddn further endeavors, using the value given in my

. . Kpaper for the constant —r— to apply the following equations

to the system:

d c?

c K
d — c = — a

and obtains values for d and c which, although closely commen-
surate with those given by me in Table VI of my paper are
nevertheless negative for the lower concentrations of ions;
Irom this fact, which owing to the method of calculation adopted
by me, had escaped my notice, and from the fact that his equa-
tions [21] and [23] do not yield values commensurate with those



i6o ‘
‘ Amphoteric Electrolytes

’ ’

obtained from these equations Dr. Lund^n concludes that ‘‘the

formulas used by Robertson do not represent the chemical equi-

libria in globulin solutions.” Two alternative possibilities, how-
ever, which do not appear to have suggested themselves to Dr.

K k
Lund^n are that my value for the constant is too large or

that the observation in question is inaccurate. A simple criterion

enables us to decide which of these two alternatives is the correct

one. From equation [13] of my paper it follows that in all cases

2, must be greater than m (V -t- v) and since V + v cannot be less

than V it follows that >1 must always be greater than mV
;
other-

wise the conductivity of the solution would be less than the con-

ductivity due to the H'*' and Cl" ions present in the solution,

which is impossible. Now V at 18° is 65.8 X io~®cm-sec. and

at 25° it cannot be less than this, hence in all cases A must be

greater than 65.8 X ic~® w,thatis,fortheobservationw= 14.9 X
10 (for which Lunddn finds negative values of d and c) can-

not be less than 9.8 X 10"'^, whereas the observation actually

recorded is A = 7.8 X 10"^; hence this observation must be

rejected
;
the remaining observations do not violate this criterion.

Since the observation immediately following that rejected above

is also untrustworthy (cf. p. 448 of my paper) there remain four

observations which, as Lunddn’s and my computations show,

obey the equations evaluated in my paper fairly accurately and

lead to consistent and intelligible values of c and d. I do not

consider, however, that four observations are sufficient to enable

us to state that serum globulin obeys the laws for dissociation of

an amphoteric electrolyte in other than a qualitative manner;

still less do I consider them adequate to sustain the far-reaching

conclusion of Dr. Lunden that the equations evaluated in my

paper do not represent the chemical equilibria in globulin solu-

tions.

Dr. Lunden objects to the endeavor to apply the laws for the

dissociation of a monovalent amphoteric electrolyte to proteins

because they contain more than one COOH or NH, group.

While this fact is undeniable it nevertheless does not follow that

the laws which apply to the dissociation of a monovalent elec-

trolyte cannot apply to the dissociation of these bodies. It is

well known that many di- or tri-valent acids and bases behave.
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in solution, essentially as if they were monovalent, the reason

being that the second and third hydrogen (or hydroxyl) ions are

split of! with increasing difficulty and in indefinitely small quan-

tities.^ Thus succinic acid obeys Ostwald's dilution-law for a

monovalent acid and in titrating against bases with methyl-

orange indicator can also be regarded as monovalent. As a

matter of fact I have shown that solutions of the neutral casein-

ates of ammonium and sodium obey Ostwald’s dilution-law

for a salt of a monovalent acid;^ since, therefore, it has been

definitely shown in the case of one protein that only one COOH
group is appreciably concerned in determining the equilibrium

of the system it is not illogical to assume, until experiment proves

otherwise, that similar conditions prevail in the equilibria of

other proteins.

In the latter part of his paper Lunddn devotes some space to

demonstrating that my estimates of the molecular weight of

globulin from conductivity and gas-chain data can only be
approximate in character. I think a perusal of my paper,

referred to above, will make it clear that I was sufficiently aware
of this fact and that the essentials of Dr. Lunddn's criticism of

these computations were adequately dealt with therein. Since

unionized and uncombined serum globulin is only inappreciably
soluble^ the internal salt*’ and the unhydrated form of the
serum globulin coidd only be present in inappreciable quantities
and Lunddn’s contention that their presence invalidates the deter-

mination of the molecular weight by these methods fails to
apply to the case under consideration while it again reveals
the author’s lack of familiarity with the proteins. The error
due to the ** association” which the protein undergoes in solu-
tion is fully discussed in my paper.^

'Cf. E. E. Chandler: Jonrn. of the A^iier. Chem. Sac,, xxx, p. 694, J908,
in which the literature is also given.

T, Brailsford Robertson: Journ. of Physical Chem., xi, p. 542, 1907.
* Clarence Quinan: Univ. of Calif . PuhL Pathol,, i, p. r, 1903; Cf, also

Gustav Mann: Chemistry of the Protcids, London, pp. 361, etc,, 1906,
* It may here be noted that the potential difference between a hydro-

gen electrode in I N hydrogen ion solution and the calomel electrode (with
Tfu KCl) is, by a clerical error, given in my previous paper as .326 volt. It
should of course, be .336 volt.





X. RESEARCHES OH PYRIMIDIWS: THE ACTION OF
DIAZOBENZENE SULFONIC ACID ON THYMIN,

URACIL AND CYTOSIN.

(Thirty-fourth Paper.)

By treat B. JOHNSON AND SAMUEL H. CLAPP.

{From tJie Sheffield Laboratory of Yale Universiiy.)

(Received for publication, June 9, 1908.)

We have, at the present time, practically no knowledge of the

way in w'hich the pyrimidins—thymin, uracil and cytosin—are

linked in the nucleic acid molecule. The question whether they

are actually as such contained in the nucleic acids, from which
they are obtained, has not been settled. The recent work of

Osborne and HeyP on triticonucleic acid, and of Levene and
MandeP would seem to indicate that they do not result from the

purin bases,^ but that the pyrimidin nucleus is present in nucleic

acids in the simple form.

In order to obtain new data, which might prove of service in

settling the question of the nature of the linking of pyrimidins
in nucleic acids, we undertook this investigation. We shall

describe the behavior of diazobenzene sulfonic acid on thymin,
uracil, cytosin and some of their alkyl derivatives."* h. sum-
mary of the results of our experiments, and their significance, is

given at the end of this paper.

Burian** has investigated the action of diazobenzene sulfonic

acid on several nucleic acids and purins. He examined the
nucleic acids from sperma. th3’'mus, yeast and spermatozoa of the

* Awicr. Joitrn. of Physiol., xxi, p. 157.
^ Biochcm. Zcitschr,, ix, p. 233.
* Ashcr-Spiro: Ergcb. d. Physiol., v, p. 795. 1905; Burian: Zcitschr, f.

physiol. Chcjii., H, p. 438, 1907.
* Johnson and Clapp: This Journal, v, p. 49.
* Per. d. dcutsch. chem. Gcscllsch., x.xxvii, p. 70S; Zciischr. f. physiol

Chem.. U. p. 43J.
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herring; and states that they do not react with this reagent. He
showed, on the other hand, that the purins—xanthin, hypoxan-

thin, gvianin, adenin and theophyllin—in which the hydrogen in

position 7 is unsubstituted, react with diazobenzene sulfonic

acid, in presence of alkali, giving intensely colored compounds.

He regards the compounds formed as diazoamino derivatives of

the general formula I. Substitution in the pyrimidin (alloxan)

»N C»

1 I
^

'C -N-N : NCjH^SOjH

I I

>C'>
3N <C -N

9

I

ring apparently had no influence on the reaction. On the other

hand, he observed that purins substituted in position 7—theo-

bromin, caffein—and also uric acid, do not react with the diazo

acid. Burian concludes from these results that the xanthin

bases are linked in the nucleic acids at the nitrogen atom in posi-

tion 7.

So far as the writers are aware Evans* was the first investi-

gator to observe that a diazobenzene derivative reacts with a

pyrimidin giving a colored compound. He found, for example,

that 2-oxy-4,6-dimethylpyrimidin, II,

N==C.CH3
I !

CO CH
! 11

NH CCH3
II

combines with diazobenzene chloride, in presence of alkali, giv-

ing a red compound. He says: “Es ist dies ein sehr kraftiger

Farbstoff. ” The compound was unstable and no formula was

assigned it.

SteudeP afterwards observed that natural thymin reacts with

diazobenzene sulfonic acid, in alkaline solutions, giving an intense

‘ Journ. f. prakt. Cliem., xlviii, p. 489.

^ Zeitschr. f. physiol. Chem., xlii, p. 170.
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red color. Pauly also mentions this diazo reaction in a later

publication^ and states that it cannot be used to distinguish

between the pyrimidin and imidazol rings. He observed, for

example, that 4-methyluracil gives as intense a color with diazo-

benzene sulfonic acid as histidin.

We now find that not only thymin and 4-methyluracil, but

also uracil, 4,5-dimethyluracil, cytosin, 5-methylc3rtosin and 5-

bromuracil react under proper conditions with diazobenzene sul-

fonic acid giving red colored solutions. The colors obtained with

thymin, 4-methyluracil, 4,5-dimethyluracil and 5-methylcytosin

are much more intense thant those obtained with uracil, cytosin

and 5-bromuracil. Apparently, the character of the groups

occupying the 4 and 5 positions has a decided influence on the

intensity of the color.

We have also made the interesting observation that the forma-

tion of red colors is entirely inhibited by substitution in the 3

positions of the uracil, cytosin and thymin molecules. The
assumption that the diazo compound might react at the 4 posi-

tion of the pyrimidin ring^ giving azo derivatives is excluded by
Pauly’s observation^ and also by the fact that 4, 5-dimethyluracil

reacts with the diazo acid giving a red color. Substitution in

position I of thymin does not prevent the formation of a red color.

I-Methylthymin,^ for example, gave as intense a color as thymin
itself. On the other hand a red color was not obtained with the
diazo acid when the hydrogens in positions i and 3 or 3 alone of
thymin were substituted by methyl groups.

Similar observations were also made in the cases of uracil and
5-bromuracil. While these pyrimidins gave red colors with the
diazo acid, no colors were obtained when 1,3-dimethyluraciP
and 3-methyl-5-bromuracil were tested with the reagent. The
corresponding 3-methyluracil is unknown. The formation of a
color in the cases of cytosin. III, and 5-methylcytosin, VI, is not
dependent upon the presence of the free amino radical. 2-Oxy-

' ^citschr. f. physioL Chem., xlii, p. 512.

*Burian: Zcitschr. f. physiol. Chem., xlii, p. 297; Mann’s Chemistry of
the Protcids^ P* 43I1 1906.

* Loc. cit,

‘Johnson and Clapp: Loc. cit.

* Ibid.
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6-methylphenylaminopyrimidin V/ gave as intense a color as

cytosin, III, while, on the other hand, no color was obtained with

3-methylcytosin, IV, 3, 5-dimethylcytosin, VII, and 2-oxy-3-

methyl'6-methylphenylamino-pyrimidin, VIII.

N=Ci\H., N = CNH, n=CN (CH^) (QH,)II i I II
CO CH CO CH CO CH

I il I II I II

NH - CH CH3N CH NH - CH
III IV V

N= CNHj N = CNH„ N==CN (CH3) (CeHj)II I 1 1 I

CO CCH3 CO CCH3 CO CH
I 11 I II I II

NH - CPI CH 3N CH CHjN CH
VI VII VIII

The remarkable tendency of certain pyrimidins to react with

diazobenzene sulfonic acid, and the apparent inertness of the

same ring in purins are of especial interest. According to Bu-

rian- substitution in the pyrimidin nucleus of purins did not influ-

ence the reaction with the diazo acid. While purins are closely

related in structure to pyrimidins it is important to point out

in this connection that positions i and 3 of the pyrimidin ring

do not necessarily correspond to positions i and 3 in purins.

While the pyrimidin nucleus is symmetrical, the purin, on the

other hand, is unsymmetrical with respect to the 2 position.

Two purins can theoretically be formed from a pyrimidin ring

according as the glyoxalin ring is joined at the 4, 5 or 5,6 posi-

tions. An inspection of the formulas below will show that this

involves a change in the numbering of the atoms in the pyri-

midin nucleus.
0

'N C N C 3N C N®

1 1 1 ( 1 1

>c»
“C-N^ c c K *C-N

1 1

^1
1 I 1

’

W C N N C ‘N C
4 0

Purin. Pyrimidin- Purin.

‘ Johnson and Clapp; Loc. cit.

* Loc. cU.
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It is also of interest to note here that 6-oxypyrimidin^ and

6-aminopyriinidin^ do not give a red color with diazobenzene

sulfonic acid. Whether this reagent reacts to form colored com-

pounds only with pyrimidins having a —CO-NH— grouping in

the I, 2 or 2, 3 positions must be decided by further experi-

ments.

The compounds formed by the action of diazobenzene sul-

fonic acid or pyrimidins appear to be more unstable than those

formed in the case of purins. Two attempts to isolate the reac-

tion-product in the case of thymin were unsuccessful.

The diazo acid used in our work was prepared according to the

directions of Pauly.^ That the test shall not be found to be

capricious it is absolutely necessary that the acid be pure and
freshly prepared.

METHODS OF APPLYING THE TEST.

I. With 10 per cent sodium hydroxide solution.

Five to ten milligrams of the pyrimidin are dissolved in 0.5 cc.

of lo per cent sodium hydroxide solution and about 5.0 milli-

grams of diazobenzene sulfonic acid then added to the solution.

If no reaction takes place the solution usually assumes a yellow
or orange color. When a red color is formed it usually develops
quite rapidly. The red color is usually quite permanent, lasting

m some cases (thymin) for several hours.

2. With sodium hydroxide solution.

Dissolve 5.0 to lo.o milligrams of the pyrimidin in 2 cc. of

^ sodium hydroxide solution and add 5.0 to lo.o milligrams of
the sulfonic acid. This method of testing is not as reliable as
Method I

.

j. Testing on a watch glass.

Five to ten milligrams of the pyrimidin and an equal weight
of the sulfonic acid are mixed together, with a glass rod, on a dry

'Wheeler: This Journal, hi, p. 285, 1907.
’ Biittncr: Bcr. d. dcutsch. chem. Gcscllsch., xxxvi, p. 2232, 1903: Wheeler*

Loc. cii.

* Zcftschr.
f. physiol. Chcm., xlii, p. 516.
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watch glass. A drop of lo per cent sodium hydroxide solution

is then allowed to flow into the mixture. The red color develops

immediately under these conditions. This method of applying

the diazo test is recommended on account of its delicacy and

reliability.

The results of our experiments are given, for comparison, in the

following tables

:

TABLE I.

Pyrimidins. 0.5 cc. 10 per cent
NaOH solution.

2.0 cc. NaOH
solution.

Test on watch-
gla^a.

NH CO

1 1

CO CCHj

1 II

NH CH
(Thyinin).

j

Intense red color,

which disappears

on diluting with

water.

Light red which

fades rapidly.
Intense red color.

CHjN CO
1 1

CO CCH,

1 II i

NH CH
1

(1-Methylthymin.)

Intense red color,
|

which disappears

on diluting with

water.

No color.

j

Intense red color.

NH CO
1 1

CO CCH3

1 II

CH3N CH
{3-Methylthymin.)

No color.

i

No color.
j

j

No color.

CH3N CO
1 1

CO CCH,

1 II

CH3N CH
(1, 3-Dimethylthy-

min.)

j

i

j

! No color. No color. No color.

Note—The statement—no coIoj"—indicates that no red color was formed.
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TABLE II.

Pyrimidina. 0.5 cc. 10 per cent
NaOH solution.

2.0 cc. « NaOH
solution.

Teat on watch'*
glass.

NH CO
1 i

CO CH
1 II

NH CH
(UracU.)

Red color bufc cot

as intense as with

th3rmin.

Red color which

developed slowly.

Color permanent
Red color.

CO
1 i

CO CH
1 il

NH CH
(l-5XethyluraciI).

Red color. Red color. Red color.

NH CO
1 1 I

CO CH
i li

CH,N CH
(3-Methyluracil)

1

i

j

i

CH^ CO
I !

CO CH
1 II

CH,N CH
(1, 3“Dimethyluracil)

No color.

1

No color. No color.
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TABLE III.

Pyrimidins.

1

0.5 cr. 10 per cant
NaOH solution.

2.0 CO. NaOH
solution,

Test on watch-
glass.

NH CO
1 1

CO CBr i

1 II
1

NH CH
I

(o-Bromuracil.)
j

1 1

Red color. ,

Faint red color

which develops

slowly.

Faint red color,

!

CH3N CO
1 1

CO CBr

1 II

NH CH
(l-MetliyI-5-brom-

uracil.)

Red color.

NH CO
1 1

CO CBr

1 II

CH3N CH
(3-Methyl-5-broni-

iiracil).

i

No color.

I

i

j

'

!

j

No color.

1

i

No color.

i

CH3N CO
‘1

1

CO CBr

! 11

GH3N CH
(1, 3-Dimethyl-

5-bronuiraciL)

'

I

No color. 1

1

i

No color. No color.
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TABLE IV.

Pyriraidins.
0.5 cc. 10 per cent
NaOH solution.

2.0 cc. NaOH
solution.

Test on watch-
glass.

N= C.NHj

1 1

CO CH.H,0

1 11

NH-~CH
(Cytosin.)

Red color which

developed slowly.
Faint red.

Red color like

uracil.

N= CNHj

1 1

CO CH
! 11

CH,N— CH
(3-Methyl-cytosin).

|

No color.

1

No color.
I

No color.

/CH,
N=:CN/

i 1
^C„H,

CO CH

NH— CH

Red color. No color. Red color.

/CH,
n=cn/

1 1

^C,H,
CO CH

CII,N— CH

No color. No color. No color.
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TABLE V.

Pyrimidins.
0.5 cc. 10 per cent
NaOH solution.

2.0 cc. NaOH
solution.

Test on watch-
glass.

N = CNH,
1

1

1 I

CO CCH3

1 11NH— CH
(5-Methyl-cytosin

Intense red color. Faint red which

faded.
1

Intense red.

N = CNH,
! 1

i i

CO CCH3

1 ii

CH3N— CH
(3, 5-Dimethyl-

cytosin.)

No color. No color. No color.

SUMMARY.

(1) Thymin, uracil and cytosin react with diazobenzene sul-

fonic acid, in presence of alkali, giving red colored solutions.

(2) The color is given by thymin with greater intensity than

by uracil and cytosin.

(3) Substitution in position 3 of the pyrimidin ring prevents

the formation of a red color.

(4) Accepting the statement of Burian,^ that nucleic acids

do not react with diazobenzene sulfonic acid, the foregoing ob-

servations seem to indicate that thymin and probably uracil

and cytosin as well are linked in nucleic acids at position 3.

N CO
i i

CO c

I I

(3) N C

(5) Whether the pyrimidins are linked to phosphorus, a car-

bohydrate complex or otherwise must be decided by further

study.

Bcr. d. deutsch. chcm. Gescllsch., xxxvii, p. 708; Zeitschr. /.
physiol.

Chon., li, p. 435 *



FURTHER STUDIES OF THE MODE OF OXIDATION OF
PHENYL DERIVATIVES OF FATTY ACIDS IN THE

ANIMAL ORGANISM.

(PHENYLBUTYRIC ACID, PHENYL-^-OXYBUTyRIC ACID, PHENYLACE^
TONE, PHENYLISOCROTONIC ACID, PHENYL-^,r-^IOXY-

BUTYiaC ACID.)

By H. D. DAKIN.

(From (he Laboratory of Dr, C, A. Herter, New York.)

(Received for publication, August i2, 1908.)

In previous papers^ it was shown that phenylpropionic acid,

at least in part, underwent oxidation in the animal organism in

accordance with the following scheme:

QH5.CH2.CH2.COOH
(phenylpropionic acid)

i
C,H5.CH(OH).CHj.COOH

(phenyl-^'Oxypropionic acid)

i
[QH5.co.cH5.cooH]?
(benzoylacetic acid)

1
C.H5.C0.CH5
(acetophenone)

i
C5H5.C00H
(benzoic acid)

Benzoylacetic acid was not detected but its formation was in-
fwed from the production of acetophenone, into which it readily
passes through loss of carbon dioxide. At the same time it was
thought probable that some benzoic acid was formed without pass-
ing through the stage of acetophenone.
The close analogy between the apparent mode of catabolism of

phenylpropionic acid and that of butyric acid made it desirable

' This JouDwl, iv, p. 419, 1908; Beitr. z, chcm. Physiol. Pathol., xi, p.
404,
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to extend the investigation to other aromatic derivatives of the

fatty acids in the hope of obtaining further insight into the

processes of tissue oxidation of the fatty acids of physiological

importance. The present communication deals with the fate in

the body of a number of derivatives of phenylbutyric acid.

The fate of phenylbutyric acid in the organism has already

been investigated by F. Knoop* who administered it by mouth
to a dog and observed the subsequent excretion of phenaceturic

acid in the urine. This result was interpreted in the light of

Knoop's well-known h5'pothesis of /?-oxidation and indeed was

one of the most important facts upon which his theory was based.

The conversion of phenylbutyric acid into phenaceturic acid in-

volves the intermediate formation of phenylacetic acid which is

then paired with glj'-cocoll;

CeHj.CHj.CHj.CHj.COOH QH^.CHj.COOH QHj.CHo.CO NH.
CHo.COOH

It is clearly desirable to ascertain the intermediate steps in

the conversion of phenylbutyric acid into phenylacetic acid. So

far as I am aware no picture of the mechanism of the reaction

has hitherto been put forward. In order to elucidate this

mechanism it was natural to inquire first of all whether the

catabolism of phenylbutyric acid did not follow upon the same

line as that of phenylpropionic acid. Judging by analogy one

might expect the change to be as follows

:

QH5.CH3.CH2.CH0.COOH
(phenylbutyric acid)

i
C5H5.CH3.CH (OH).CH3.COOH

(phenyl-/?-oxybutyric acid)

i
C5H5.cH3.co.cH3.cooH
(phenylaceto-acetic acid)

!
C5H5.cH3.co.cH5

(phenylacetone)

i
C5Hs.cH3.c00H

(phenylacetic acid)

Beitr. s. citem. Physiol, u. Pathol., vi, p. 155, 1904.
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Theocctirrenceof the first step in this series of changes, namely,

the formation of phenyl-/9-oxybutyric acid, is highly probable,

as is shown by the following facts

:

(1) A small qnantit} of a Isevorotatory substance giving the

reactions of phenyl-/J-oxybutyric acid was isolated from the urine

of dogs that had received subcutaneous injections of sodium

phenylbutyrate in fairly large doses. The ^-oxy-acid could not,

however, be isolated in a state of purity.

(2) Phenyh/9-oxybutyric acid injected in the form of its

sodium salt was excreted in the form of phenaceturic acid, i. e.,

the same end-product as phenylbutyric acid itself yields.

There was little hope of isolating the substance corresponding

to the second hypothetical step in the reaction, namely, phenyl-

aceto-acetic acid, for this body has not yet been synthesized and
would doubtless be unstable. It is improbable, however, that it

was present in the urines of the dogs which had received injections

of sodium phenylbutyrate, because in this case phenylacetone

would have been found in the distillates, for a /?-ketonic acid of

the type of phenylaceto-acetic acid doubtless would lose carbon
dioxide on boiling, with formation of the corresponding ketone.

The third possible stage in the catabolism of phenylbutyric
acid involving the formation of phenylacetone, corresponding
to the intermediate production of acetophenone from phenyl-
propionic acid, was definitely excluded on the basis of the follow-

ing experimental results:

(1) No trace of phenylacetone could be detected in the urines
of animals which had received injections of considerable quan-
tities of phenylbutyric acid.

(2 ) Phenylacetone cannot be an intermediate stage in the
catabolism of phenylbutyric acid for when administered to dogs
it results in the excretion of hippuric acid. Phenylbutyric acid
under similar conditions gives phenaceturic acid.

To sum up: Evidence has been obtained that phenylbutyric
acid when oxidized in the body passes through the stage of phenyl-
^‘Oxybutyric acid. No evidence could be obtained of the for-

mation of phenylaceto-acetic acid and it could not be detected
in the urine. The possibility of its formation as an intermediate
product is not, however, excluded. Phenylacetone is certainly
not a product of the catabolism of phenylbutyric acid.
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It is clear, therefore, that the modes of catabolism of phenyl-

propionic acid and of phenylbutyric acid, though similar as re-

gards the primary formation of a /?-oxy-acid, differ in that ketone

formation takes place in the case of phenylpropionic acid but

not in that of phenylbutyric acid. The catabolism of phenyl-

butyric acid is therefore to be represented as follows

:

C,H5.CH,.CH,.CH-.C00H

I

'

C,H5.CH,.CH0H.CH,.C00H

[CoHj.CH^.CO.CHs.COOH] ?

i
CaHj.CHj.COOH

The mechanism of the catabolism of phenylbutyric acid ap-

pears to be of interest from several points of view. In the first

place it furnishes an additional example of the primary oxidation

of the hydrogen attached to the /?-carbon atom of a phenyl-fatty

acid with formation of a laevorotatory /9-oxy-acid. In the second

place it indicates the possibility, which has been insisted on in

previous papers, of a /?-oxy or /3-ketonic acid undergoing oxida-

tion without intermediate ketone formation. ‘ Indeed it would

appear as if ketone formation were restricted to the simplest members

of the fatty acids mtd phenyl-fatty acids, theoretically capable of

ketone formation, namely, butyric acid and phenylpropionic acid:

R.CH,.CH,.COOH R.CH(OH).CHj.COOH

R.CO.CHj.COOH R.CO.CHj

This hypothesis furnishes an explanation of why under con-

ditions such as diabetes in which large quantities of ketones are

excreted only acetone has keen detected. If the above scheme

represented a perfectly general type of reaction, it would be

hard to explain why in diabetes the catabolism of acids such as

caproic and valeric do not give rise to the excretion of propyl-

methyl ketone or ethylmethyl ketone respectively

;

CH3.CH,.CH,.CHj.COOH. -> CH3.CHj.CO.CHj.COOH ->

CH3.CHj.CO.CH3

* Unpublished experiments upon the mode of catabolism of phenylvaleric

and pheny2-/?-oxyvaleric acid indicate that the substances resemble phe-

nylbutyric acid in this respect.
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It is at present impossible to decide what r5ie, if any, the

j?*ketonic acids, other than aceto-acetic acid play in intermediary

metabolism. Apart from aceto-acetic acid and benzoylacetic

acid few if any of these acids of a type which might be formed in

metabolism, have been prepared. It may be that they are

extremely unstable or even incapable of more than momentary
existence. It is well, however, to bear in mind that not only

are ^-ketonic acids capable of undergoing hydrolysis according

to the well-known scheme

R.CO.CH2.COOH -j- HP - R.COOH + CHj.COOH

a reaction which fits in well with the progressive degradation of

long-chain fatty acids by the loss of two carbon atoms at a time,

but also that they are extremely easily oxidizable substances.^

If the normal course of metabolism of a straight-chain fatty

acid other than butyric acid and phenylpropionic acid, proceeds

through the /?-oxy-acidsand possibly the /9-ketonic acids, but does

not involve ketone formation, is it not probable that the cata-

bolism of butyric and phenylpropionic acid in part does not in-

volve the intermediate formation of acetone and acetophenone
respectively? There is a certain amount of physiological evi-

dence in support of this view, and so far as I know, there is none
opposed to it. The results of oxidation experiments in vitro

furnish complete chemical analogy for these reactions?

The excretion of hippuric acid following the administration of

phenylacetone is of interest especially when it is considered that
ds lower homologue, acetophenone, also yields hippuric acid.

These changes are similar to the action of ordinary oxidizing
agents (including hydrogen peroxide) which oxidize both ketones
to benzoic acid. It will probably be found that most aromatic
methyl ketones primarily undergo oxidation in the body, so as
to yield acids with two less carbon atoms, except in the case of

^acetophenone, in which the carbonyl group is directly attached
to the nucleus:

C,H,,CO;cH3 CeH,.COOH

_ QHa.CH>:CO.CHa C,H,.COOH

I
A communication upon this subject will be made shortly.

Journal, iv, p. 77*
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The fate of phenylisocrotonic acid was determined by injecting

solutions of the sodium salt ( = 2.0 grams, of acid) subcutaneously

into cats. The fate of this substance had already been deter-

mined by Knoop‘ who fed it by mouth to a dog and found that

it was excreted in the urine in the form of phenaceturic acid.

The explanation of this rather remarkable result might con-

ceivably depend upon reduction in the intestinal canal. That

this was not the case was proved by obtaining the same end-

product when the acid was subcutaneously injected.

The fate in the organism of another derivative of phenlybutyric

acid, phenyl-^,y-dioxybutyric acid was also determined. This

acid is certainly not an intermediary product of the catabolism

of phenylbutyric acid since on oxidation in the animal body hip-

puric acid together with a little phenyl-^-oxybutyrolactone pro-

duced by the removal of the elements of water from the original

substance, were isolated from the urine.

^ QH5.COOH -> QHsCO. NH.CHj.COOH
CsH5.CHOH.CHOH.CH,.COOH

\ C^H^.CH.CHOH.CHj.CO

Whether the lactone was excreted as such or formed from un-

changed acid during the analysis is not clear. Lactone formation

is very easily brought about by merely boiling \vith water or

dilute acid and the lactones of aromatic acids as a class appear to

be rather resistant to animal oxidation.

The formation of hippuric acid from phenyldioxybutyric acid

is of special interest since it is an example of tissue oxidation tak-

ing place at the ^-carbon atom. So far as I am aware it is the

only example of its kind so far recorded. Judging by analogy

with some other tissue oxidations,® one might anticipate the for-

mation of mandelic acid according to the following scheme:

C„Hj.CHOH.CHOH'CH,.COOH -> C„H5.CH(0H).C00H

No definite indication of the presence of this acid could be ob-

tained, however.

‘ Loc. cit., p. 159.

* E.g., phenyl-^-oxypropionic acid and phenyl-5-oxybutyric acid.
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experimental part.

Preparation of pbenylbutyric acid. Phenylbut>nc acid has

been synthesized by several methods, the most direct of these

being the reduction of phenylisocrotonic acid mth sodium amal-

gam as described by Fittig and Jayne.‘ The reduction, however,

is not very easily carried out as was found by Jayne
^ ^

Knoop and also in experiments of my own. Kipping and Hill,

on the other hand, apparently had no difficulty in effecting t e

reduction at the ordinary temperature. On the whole, it was

found more advantageous to employ the follomng me o ,

mainly, based on the investigations of Fittig an
^

is pupi s.

Phenylparaconic acid, prepared by means of Perkin s reaction

from benzaldehyde, sodium succinate and acetic anhydride, is

distilled in vacuo. The distillate, consisting mainly of phenyl-

isocrotonic acid with a little phenylbutyrolactone, is boiled with

twenty-five parts of hydrochloric acid (i part concentrated acid,

3 parts water by volume) under a reflux condenser, for six ours.

The result of this procedure is to convert about 65 'per cent

of the phenylisocrotonic acid into phenylbutyrokctone. The

acid is separated from the lactone by adding sodium car ona e

till faintly alkaline to the ethereal extract containing the two

substances.^ The acid remaining in the aqueous layer is again

treated with hydrochloric acid. In this way an 80 per ceiit

yield of phenylbutyrolactone is readily obtained. The p eny

butyrolactone is reduced to phenylbutyric acid according to

Shield’s method® by boiling it ivith ten parts of hydriodic acid

(b. p. 127°) and 1.5 parts of red phosphorus for ten hours. The

phenylbutyric acid is obtained by ether extraction after previous

dilution vnth water and after removing the ether by evapora-

tion readily crystallizes. The method gives an excellent yield.

Twenty -five grams of phenylparaconic acid gave on the average

Mh». d. Chcm., ccxvi, p, loS.

^ Trans. Chcm. Soc., Ixxv, p. 147*

^ Ann. d. Chcm., ccxvi, p. 100.

'Fittig and Hadorff: Ibid., cccxxxiv, p. 117
^

* This method of converting phenylisocrotonic acid into p ^

lactone was found far superior to that of Erdmann who emp oye 33 psr

cent sulphuric acid. jTbid., ccxxviii. p.

* Ibid., cclxxxviii, p. 207
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acidified and extracted with ether. The ethereal residue dis-

solved almost completely in carbon bisulphide so that the quan-

tity of oxy-acid formed must have been very small. The residua!

acids consisting of a mixture of phenylisocrotonic acid and phe-

nyl-a,^-crotonic acid were then crystallized from water which

removed the bulk of the former acid. The more soluble acid

remaining in solution was then extracted with ether. On evapo-

ration of the ether the residue, without further purification, was

allowed to stand for three days with 4 parts of glacial acetic acid

saturated with hydrobromic acid gas. On pouring the solution

into water an oil separated which was boiled for three hours with

15 parts of water to which a little sodium acetate had been added.

After cooling, the aqueous poi'tion was filtered olf and extracted

with ether. The ethereal residue readily crystallized and was

purified by washing with carbon bisulphide. The yield of pure

acid was only about 3 per cent.^ The changes may be repre-

sented as follows;

CoHs.CH.CH.CHj.COOH -> C„H5.CH5.CH:CH.COOH
(phenylisocrotonic acid) (phenyl- a-/5-crotonic acid)

CaHj.CHo.CHBr.CHo.COOH CoH5.CH,.CH(OH).COOH
(phenyl-;5-bromobutyric acid) (phenyl-3-oxybutyric acid)

Fate of phenyi-^-oxybiitync acid in the organism. One gram of

the acid was converted into the sodium salt and injected sub-

cutaneously into a cat weighing about 2.5 kilos. The urine

during the next three days was carefully collected and analyzed

exactly as in the case of phenylbutyric acid. No phenylacetone

or phenylaceto-acetic acid could be detected. Four-tenths of a

gram of phenaceturic acid was obtained in the form of crystals

which melted at 142° after a single recrystallization. A very

small amount of unchanged substance appeared to be present,

for the mother liquor from the phenaceturic acid was feebly

Isevorotatory (—0.10°) and faint indications were also obtained

of its presence by oxidation mth hydrogen peroxide and with

potassium permanganate.
J

^ The acid obtained crystallized in platelets and melted at 98° to 100°.
^

I

have been unable to find any record of the melting point of this acid which

was obtained by Fittig and Luib.
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Fate of phenylacetone in the organism, Phenylacetone (Kahl-

baum) was injected subcutaneously into dogs in dilute alcoholic

solution in doses varying from 3 to 4 grams. The absorption of

the ketone appeared to be slow and in one case comparatively

little hippuric acid was obtained (0.3 gram). In all the other

cases an abundant yield of hippuric acid was obtained—in one

case as much as 3.0 grams being recovered. A small amount of

unchanged ketone was excreted in the urine. The hippuric acid

after recrystallization, melted sharply at 187°-

Fate of phenylisocroionic acid in the organism. Phenylisocro-

tonic acid was prepared by distilling phenylparaconic acidzw vacuo

and crystallizing the distillate from carbon bisulphide. Two
grams of the acid were dissolved in alcohol and almost neutralized

with caustic soda. The solution was injected subcutaneously

into a cat (two kilos). The urine was collected for three days.

It contained a trace of acetone but no aromatic ketone. The
urine was concentrated to about 100 cc., acidified with phos-

phoric acid and extracted in a continuous extractor with ethyl

acetate. After purifying the ethyl acetate extract by steam
distillation and by boiling the aqueous solution with charcoal,

0.65 gram of pure phenaceturic acid, melting at 142°, was ob-

tained. No hippuric acid could be detected.

Fate of phenyl-^j-dioxyhiiiyric acid. This acid was prepared'
by Fittig and Obermuller’s method^ by oxidizing phenylisocro-

tonic acid in dilute alkaline solution at o® with dilute potassium
permanganate. The product obtained was a mixture of the free

acid and lactone and was converted into the sodium salt by boil-

ing with excess of caustic soda, neutralizing with acetic acid and
injecting the dilute solution subcutaneously into a cat of about
2.5 kilos weight. One and a quarter grams of the acid in the
form of sodium salt gave about 0.45 gram of pure crystalline
hippuric acid (m.p. 185® to 187®) and about 0.2 gram of phenyl-
/J-oxybutyrolactone. The lactone was separated from the
hippuric acid as follows: The urire was concentrated, acidified
and extracted Avith ether in the usual way. The ethereal resi-
due was distilled in steam for a very short time only, then
decolorized "vvith charcoal and concentrated to about 5 cc. The

* Liebig’s /l«n, d. CUevi.^ cebevni, p. 44.
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solution was then made just alkaline with sodium carbonate
solution and extracted with ether to remove the lactone. The
alkaline residue was acidified and again repeatedly extracted
with ether. On evaporation, hippuric acid crystals were obtained
in abundance. The aqueous solution of the ethereal extract was
optically inactive and no positive indication of the presence of

mandelic acid could be obtained.

SUMMARY.

The subcutaneous injection of phenylbutyric acid in the form
of its sodium salt in aqueous solution results in the excretion of

phenaceturic acid as found by Knoop. In addition a small quan-
tity of a Isevorotatory acid possessing the properties of phenyl-/?-

oxybutyric acid was excreted. No phenylacetone was excreted

and phenylaceto-acetic acid could not be detected.

Phenyl-/?-oxybutyric acid administered under similar con-

ditions results in the e.xcretion of phenaceturic acid. No phenyl-

acetone could be detected. A part of the oxy-acid is apparently

excreted unchanged and is laevorotatory.

Administration of phenylacetone results in the excretion of

hippuric acid, no phenaceturic acid being formed. Phenylace-

tone cannot therefore be an intermediate product of the cat-

abolism of phenylbutyric acid. The probable mode of oxidation

of phenylbutyric acid in the body may be represented as follows:

QH5.CH,.CH„.CH,.C00H QH5.CH„.CH0H.CH,.C00H ->

[C„H,.CH,.CO.CH,.COOH]? CoHs.CHj.COOH

The phenylacetic acid is excreted in the form of phenaceturic

acid.

A comparison is made between the mode of oxidation of phenyl-

butyric acid and that of phenylpropionic acid. The first step in

the catabolism of both acids apparently consists in the formation

of a /?-oxy-acid but in the case of phenylbutyric acid there is no

formation of the corresponding ketone as a product of further

oxidation. The intermediate formation of ketones observed in

the catabolism of butyric and phenylpropionic acids is probably

confined to these two acids and is not a general reaction.
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These results are in harmony with the view that in normal me-

tabolism probably only part of the butyric acid and phenylpro-

pionic acid undergoing oxidation passes through the stages of

acetone and acetophenone respectively.

Phenylisocrotonic acid administered subcutaneously to cats in

the form of its sodium salt is excreted in the form of phenaceturic

acid.

Phenyl-^»;'-dioxybutyric acid administered to cats in the form

of its sodium, salt resulted in the excretion of hippuric acid to-

gether with a little phenyl-^-oxybutyrolactone. No indications

could be obtained of the formation of mandelic acid. Phenyl-

dioxybutyric acid therefore does not undergo /?-oxidation but

oxidation takes place at the ^'-carbon atom. Phenyldioxybutyric

acid is not a product of the catabolism of phenylbutyric acid.

Phenylacetone is readily identified by conversion into its para-

nitrophenylhydrazone which crystallizes from alcohol or pyridin

in sparingly soluble rosettes of platelets melting at 145*^ to 145.5°.

Note added during proof correction. The investigation of the

fate of phenylvaleric and phenyl-j3*oxyvaleric acid has shown
that while the end product of catabolism in both cases is hip-

puric acid, cinnamylglycocoll, CoH5.CH:CH.CO.NH.CH2.COOH
m. p., 193°, is an intermediate product of their catabolism.
This substance is also produced in the oxidation of phenylpro-
pionic acid in the animal body. These observations throw
considerable light upon the mechanism of fatty acid metabol-
ism and will form the subject of a separate communication.





HYDROLYSIS OF VICILIN FROM THE PEA (Pisum Satrbam).^
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(Received for publication, July 23. igo8.)

Vicilin is a globulin which occurs in the seeds of the pea, horse-

bean and lentil. Its isolation, properties and composition have

been given in a series of papers from this laboratory.^ It differs

from legumin in containing a little more carbon, a little less nitro-

gen and less than half as much sulphur, and also in being soluble

in much more dilute saline solutions.

Vicilin presents a special interest because it contains the

smallest proportion of sulphur yet found in any protein. A
large number of preparations made and analyzed in this labor-

atory, contained from o.io to 0.20 per cent of total sulphur.

This difference is not analytical, for the extreme figures were con-

firmed in several cases by very closely agreeing duplicate deter-

minations, The sulphur content of vicilin as heretofore prepared,

is not constant and deserves further careful study, for it would
appear that either the sulphur-containing complex of this pro-
tein is very easily split off, or that the preparations were mixtures
of protein free from sulphur and protein containing sulphur.
Owing to the great solubility of vicilin, it has not yet been sub-
jected to sufficiently extensive fractionation to determine this

latter point. That it is a mixture of sulphur-free protein and
legumin is not probable, for the differences in sulphur content are
not accompanied by the differences in carbon and nitrogen which
would be expected if this were the case.

*Thc expenses of this investigation were shared by the Connecticut
Agricultural Experiment Station and the Carnegie Institution of Washing-
ton, D. C.

* Osborne and Campbell: Journ. Amer. Ckcm, Sac., xx, pp. 348. 363,
393» 4^0, 1898.
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It is probable that vicilin is a distinct protein or mixture of

proteins and not an altered product of legumin, for the seeds of

the vetch which contain legumin yield no \dcilin. The resem-

blance in properties and composition between vicilin and legumin
makes it desirable to know whether a more positive difference can

be found in the nature and proportion of the amino-acids which
each yields when hydrolyzed.

The results of the hydrolysis are given in the following table

together with those previously obtained for pea legumin.

Vicilin. Legumin.
per cent. per cent.

Glycocoll 0.00 0.3S
Alanine 0.50 2,08
Valine 0.15 ?

Leucine 9.3S S.OO
Proline 4.06 3,22

Phenlyalanine. 3.82 3,75

Aspartic acid 5.30 5.30

Glutaminic acid 21.34 16.07

Serine ? 0.53

Cystine not det.

OxyproHne u K

Tyrosine 2. 38 1.55

Arginine S.91 11.71

Histidine 2.17 1.G9

Lysine 5.40 4.98

Ammonia 2.03* 2.05*

Tryptophane present

Total 65.44 62.22

Osborno and Harris: Jourii. Anxcr. Chcm, Soc.^ xxv, p. 323, 1003.

The results of these hydrolyses are very similar, the most

marked difference being that vicilin jdelded no glycocoll. Less

alanine and arginine and more glutaminic acid Avere also found

than in legumin. Although special effort was made to isolate

glycocoll from vicilin no trace of it was found, and it is probable

that vicilin in fact yields none. It is to be noted however that

glycocoll can be missed when present in small amount. We have

recently made tAvo hydrolyses on the same preparation of legu-

min from the vetch, in one of AA'hich a small quantity of glycocoll

Avas found Avhile from the other none Avhatevcr was obtained.
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This diflerence we attribute to the fact that the esters of the

latter hydrolysis, owing to an accident to the liquid air apparatus,

had to be kept in ether for some weeks before distilling, during

which time the ester of glycocoll presumably underwent change.

That this occurred in the hydrolysis of viciiin is improbable, for

the esters were distilled soon after they were made. The differ-

ence in the proportion of alanine in legumin and viciiin is rela-

tively great, and it is probable that an actual difference exists

between these proteins in this respect. The viciiin used for this

hydrolysis was prepared in the way described in a former paper^

from this laboratory.

HYDROLYSIS OF VICILIN.

A quantity of viciiin was taken for hydrolysis which weighed

552.8 grams, ash and moisture-free. This was treated with 1200

cc. of hydrochloric acid of i.io specific gravity. The viciiin was
brought into solution by heating on the water-bath for about

three hours, and hydrolysis was completed by boiling in an
oil-bath for twenty hours.

The solution v/as then concentrated under reduced pressure,

saturated at 0° with hydrochloric acid gas, and allowed to stand
on ice for four days. The glutaminic acid hydrochloride which
separated weighed 127.77 gmms, which after deducting the
amount of ammonium chloride which it contained, is equiva-
lent to 102.38 grams of glutaminic acid, or 18.52 per cent of the
protein.

The glutaminic acid hydrochloride, after one recrystallization,

was analyzed, with the following result.

Chlorine, 0,2S30 gm. subst. gave 0.2232 gm. AgCl.
iVi/rogoz, 0.307G gm. subst. required 16.55 cc. N.HCl.

Calculated for

CiHvOiN.UCl:
Cl 19.32
N 7.03

Found:

10.49

7.53

The free glutaminic acid decomposed at 202® to 203°.

* Osborne and Harris: This Journal, in, p. 213 , 1907 .
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Carbon and hydrogen, 0.2821 gm. subst. gave 0.4234 gm. COj and
0.1G04 gm. HjO.

Calculated for CjHjO^N C = 40.81; H =6.12 per cent.

Found C = 40.94; H = 6.31

The filtrate from the glutaminic acid hydrochloride was con-

centrated under greatly reduced pressure and esterified with

alcohol and dry hydrochloric acid gas, as directed by Emil
Fischer. The esters were liberated, shaken out and dried in the

usual manner, and the aqueous layer freed from inorganic salts

and again esterified.

A third esterification was also carried out, but only a little more
ether soluble ester was obtained.

The ether was distilled off on the boiling water-bath, and the

residual esters distilled under diminished pressure into the follow-

ing fractions.

Temp, of Pressure, Weight,
Fraction, bath up to mm. grams.

I . . . . 65° 12.00 14. S3

n ... 100° 10.00 49.33

Ilia . . .

.

100° 1.00 76.27

Illb . . . 110° 1.00 13.57

IV . . . 147° 0.S5 56.92

V . . . 158° 0.75 33. S5

VI , , ,

.

200° 0.70 2S.75

Total 273.52

The undistilled residue weighed 76 grams.

Between 65° and 87° at 10 mm. nothing was distilled.

Fraction 1 . From this fraction no glycocoll could be separated

as the hydrochloride of the ethyl ester. The ether which had

been distilled from the esters also yielded a negative result. The

esters were saponified and after removing chlorine, added to the

corresponding part of Fraction II.

Fraction 11 . This fraction was saponified by boiling with six

volumes of water for seven hours. The solution of the amino-

acids was evaporated to dryness under reduced pressure and the

proline extracted by boiling with absolute alcohol.

The amino-acids, insoluble in alcohol, were taken up in water

and the greater part of the leucine was separated by fractional

crystallization. The leucine weighed 13.82 grams.
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Owing to the persistence of the characteristic leucine-valine

mixture, the filtrate from the leucine was racemized by heating

with an excess of baryta in an autoclave for twenty-four hours

After removing the barium quantitatively with sulphuric acid,

the amino-acids were fractionally crystallized, and 0.84 gram of

substance obtained, which had the composition of amino-vale-

rianic acid.

Carbon aiid hydrogen, I, 04255 gm. subst. gaveO. 2349 gm, COg and

0.1107 gm. HjO. II, 0.1012 gm. subst. gave 0,3012 gm. COj and

0.1332 gm. HA
Calculated for C5HiAN.,..C -51.28; H - 9.40 per cent.

Found I, C - 51.04; H - 9.80

II. C - 50.95; H = 9.18

The filtrate from the valine yielded 2.80 grams of alanine. The
alanine crystallized from dilute alcohol in bunches of needles

and when recrystallized from water, was obtained in characteris-

tic prisms, which decomposed above 290^.

Carbon and hydrogen, 0.1445 gm. subst. gave 0.2165 gm. C02 and
O.lOlOgm. HA

Calculated for C3H 7O 2N C — 40.45; H — 7.87 percent.

Found C - 40.86; H - 7.99 “

The more soluble part of this fraction was examined for glyco-

coll before it was racemized, but none was found.

Fraction Ilia. This fraction was boiled, with five volumes of

water for seven hours with return condenser. The leucine which
had separated was filtered off, the filtrate evaporated to dryness
under diminished pressure, and the proline extracted with boil-

ing absolute alcohol.

The amino-acids, insoluble in alcohol, yielded 35.59 grams of
leucine which decomposed at 298® C.

Carbon and hydrogen, 0.1256 gm, subst. gave 0.2533 gm. CO2 and
0.1130 gm. HjO.

CalculatedforCAAN^*- -C - 54.96; H- 9.92percent
^ound C - 55.01; H - 10. 00 “

The alcoholic proline solutions obtained from Fractions II and
III were united and evaporated to dryness under reduced pressure.
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The residue was taken up in boiling absolute alcohol, and this

process repeated several times until the residue was completely

soluble in cold absolute alcohol. This solution yielded 27.96

grams of l$voproline copper, dried at 110°, and 0.60 gram race-

mic proline copper, equivalent to 22.48 grams proline, or 4.06 per

cent.

The racemic salt was analyzed as follows.

Water, 0.1429 gm. subst. air dry lost 0.0151 gm. H^O at 110°.

Copper, 0.1065 gm. subst. air dry gave 0.0259 gm. CuO.

Calculated for C,oHio04N2Cu. 2H„O..HjO = 10.99p. c.; Cu. = 19.40 p.c.

Found H3O = 10.57 “ Cu. =• 19.43

The amorphous l$voproline copper was converted into the

phenylhydantoine, which after one recrystallization from a large

volume of water, melted at 143°, and had the following composi-

tion.

Carbon a'nd hydrogen, Q gm. subst. gave 0.3170 gm. COj and
0.0667 gm. H.O.

Calculated for C = 66.67; = H 5.57 per cent.

Found C = 66.S1: = H 5.72

Fraction lllb. This fraction was shaken out with an equal

volume of ether, and the ether layer was washed with water in the

usual manner. From the ether layer there was obtained 3.09

grams of leucine hydrochloride which when converted into leucine

gave the following analysis.

Carbon and hydrogen, 0.1326 gm. subst. gave 0.2055 gm. CO^ and

0.1158 gm. HjO.

Calculated for C^H.^O^N C = 54.96; H = 9.92 per cent.

Found ' C = 54.60; H = 9.70

The aqueous layer was added to the corresponding solution

from Fraction IV.

Fraction IV. By a similar treatment, this fraction jdelded

7.96 grams of phenylalanine hydrochloride; 20.05 grams of aspar-

tic acid as the barium salt; and 1.46 grams of copper aspartate.

The aspartic acid reddened but did not decompose at 3aa°'

After one crystallization from watei ,
the following analysis was

obtained.
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Carbon aitd hydrogen, 0.2185 gm. subst. gave 0.2914 gm. COj and

0.1100 gm. HjO.

Calculated for C,Han C - 36.09; H « 5.26 per cent.

Found C - 36.36; H - 5.59

Fraction V, This fraction yielded 9.55 grams of very ptire

phenylalanine hydrochloride. The free acid decomposed at 270^.

Carbon and hydrogen, 0.1515 gm. subst. gave 0.3628 gni. CO3 and

0.0936 gm. HjO.

Calculated for C = 65-45; H — 6.67 per cent.

Found, C —65-31; H — 6.86 “

There were further obtained from the aqueous layer, in the

usual manner, 4.85 grams of aspartic acid, as the barium salt.

The aspartic acid reddened at 300*^, but did not decompose.

The filtrate from the barium aspartate was freed from barium,

concentrated to a small volume under diminished pressure, and

saturated with hydrochloric acid gas at o®. There separated 3.87

grams of glutaminic acid hydrochloride.

After recrystallization, it decomposed at 198°, and had the

following composition.

Chloriue, 0.1382 gm. subst. gave 0.10G9 gm. AgCl.

Calculated for C^HjO^N.HCl Cl « 19.32 per cent.

Found Cl « 19.12

The filtrate from the glutaminic acid hydrochloride was freed

from chlorine and 6.79 grams of air dry copper aspartate were
obtained from it.

Copper, 0.1552 gm. subst. air dry gave 0.0451 gm. CuO.
iVnrogt’ji, 0.3484 gm. subst, air dry required 13.1 cc. = HCl.

Calculated for C*Han ..Cu « 23.07; N « 5.08 per cent.
Found Cu « 23,21; N — 5.26 “

Fraction VL From this fraction there were obtained 8.46
grams of phen^dalanine hydrochloride, 2.52 grams of glutaminic
acid as the barium salt, 5.95 grams of glutaminic acid hydrochlor-
ide, and 1.09 grams of air dry copper aspartate. The glutaminic
acid from the barium salt gave Analysis I and that from the
hydrochloride gave Analysis II.
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Carbon and hydrogen, I, 0.3027 gm. subst. gave 0.4514 gm. COj and
0.1622 gm. HjO. II, 0.2445 gm. subst. gave 0.3685 gm. COj and
0.1419 gm. HjO.

Calculated for CjHjOiN C = 40.81; H = 6. 12 percent.

Found I, C = 40.67; H = 5.95 “

II, C = 41.10; H = 6.44

Residue after Distillation.

The residue which remained after the distillation of the esters

yielded 4.4 grams of diketopiperazines, and 6.47 grams of gluta-

minic acid hydrochloride. The free acid decomposed at 202° to

2of C.

Carbon and hydrogen, 0.1500 gm, subst. gave 0.2255 gm. COj and
0.0834 gm. HjO.

Calculated for CjHjO^N C = 40.81; H = 6.12 per cent.

Found C = 41.00; H=6.17 "

Cystine.

Owing to the very small proportion of sulphur in vicilin, no

attempt was made to determine cystine.

Tyrosine.

A quantity of vicilin equal to 36.57 grams ash and moisture-

free was hydrolyzed by boiling with a mixture of 120 grams of

sulphuric acid and 240 cc. of water for twenty-four hours in an

oil-bath. After freeing the solution from sulphuric acid, it was

concentrated to crystallization and cooled. The substance which

separated was recrystallized from water and yielded 0.S708 gram

of tyrosine, equal to 2.38 per cent.

Nitrogen, 0.1090 gm, subst. required 5.8 cc. HCl.

Calculated for C.HnOjN N = 7.73 per cent.

Found N =7.45 “

The filtrate from the tyrosine was used for determination of

the bases according to the method of Kossel and Patten.

Histidine.

The solution of the histidine = 500 cc.

Nitrogen, 50 cc. sol. required 2. 15 cc. ^ HCl = 0.2150 gm. N in 500

cc. = 0.7934 gm. histidine = 2.17 per cent.
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The histi(5ine was identified as the dichloride*

Chlorhve, 0.1377 gm. subst. gave 0.1718 gm. AgCL

Calculated for CaHaOsNs Ci «31.14 per cent.

Found Ci -= 30.86

ArginiTie.

The solution of the arginine = looo cc.

Nitrogen, 60 cc. sol* required 5.07 cc. -y HCI — 1.0140 gm. N in

1000 cc. « 3.1505 gm. arginine + 0.1102 gm. = 3.2607 gm. or 8.91 per
cent*

The arginine was converted into the copper-nitrate double salt

for identification.

Copper, 0.1713 gm. subst., air dry, gave 0.0235 gm, CuO.

Calculated for Cj3H2a04N8Cu(N 03)3.31130. . .Cu = 10. 79 percent*

Found Cu« 10*96 "

Lyshie.

The lysine picrate weighed 5.0707 grams equal to 1.9740 grams
lysine or 5*40 per cent. The lysine was identified as the picrate.

Nitrogen, 0.1355 gm. subst. required 18.25 cc* ^ HCI.

Calculated for CaHj^OaN',. CaHjO^N, N — 18.70 per cent.

Found N « 18.85
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New Haven, Conn.)

{Received for publication, July 23, 1908.)

Legumelin is a name that has been applied to the albumin

Avhich occurs in the seeds of a number of different leguminous

plants. As the properties, composition and occurrence of legu-

melin, the method employed in preparing the material used

for the hydrolysis here described, and also the literature of the

proteins of the pea, are given in a recent paper from this labora-

tory,^ they will not be repeated here.

The results of this hydrolysis show legumelin to be distinctly

different in constitution from the other proteins with which it is

associated in the pea. The properties and ultimate composition
of legumelin closely resemble those of leucosin from the wheat
embryo, and this resemblance extends not only to the general

proportion of the several amino-acids, but also to the total quan-
tity obtained from each of these albumins as may be seen from
the accompanying table.

It is not improbable that legumelin is a constituent of the
physiologically active tissues of the seed, rather than a reserve
food substance for the developing seedling.

This supposition in regard to leucosin is supported by the fact
that this albumin is located almost entirely in the embryo of the
seed and that it resembles more closely, both in properties and
composition, the proteins of physiologically active tissues of

* The expenses of this investigation were shared by the Connecticut
Agricultural Experiment Station and the Carnegie Institution of Washing-
ton. D. C.

*Osbomeand Harris: This Journal, iii, p. 213, 1907.
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animals, than those which unquestionably form the reserve food

protein of the endosperm of other seeds.

As the leguminous seeds do not contain a sharply dilferentiated

embryo and endosperm, but are composed of tissues which com-
bine the functions of both, it is not possible to locate any one of

their proteins in any particular part of these seeds. The just

mentioned similarity, however, of legumelin to leucosin is sugges-

tive of similarity also in their physiological functions.

The results of the hydrolysis of legumelin are given in the fol-

lowing table, and in order to facilitate the above comparison

the results obtained for legumin, vicilin and leucosin are also

given.

Legumin VieiJin Legumelin Leucosin
pea pea pea wheat

per cent. per cent. per cent. per cent.

Glycocoll 0.38 0.00 0.50 0.94

Alanine 2.08 0.50 0.92 4.45

Valine ? 0.15 0.69 0.18

Leucine 8.00 9.38 9.63 11.34

Proline 3.22 4.06 3.96 3.18

Phenlyalanine 3.75 3.82 4.79 3.83

Aspartic acid 5,30 5.30 4.11 3.35

Glutaminic acid 16.97 21,34 12.96 6.73

Serine 0,53 ? ?
*>

Cystine not det. not det. not det.

Oxyproline u u it it

Tyrosine 1.55 2.38 1.56 3.34

Arginine 11.71 8.91 5.45 5.94

Histidine 1.69 2.17 2.27 2.83

Lysine 4.98 5.40 3.03 2.75

Ammonia. 2.05* 2.03* 1.26* 1.41*

Tryptophane present present present

62.22 65.44 51.13 50.53

* Osborne and Harris: Joum, Arner^ Cheru Soc*t xxv, p. 323» 1903.

Hydrot,yszs of Pea Legumelin.

There were taken for this hydrolysis 550 grams, equal to 479.5

grams of ash and moisture-free legumelin. After warming for

four hours with a mixture of 550 cc. of water and 550 cc. of

hydrocholoric acid (sp. gr. 1.19) on the boiling water-bath, the

legumelin was finally dissolved. The hydrolysis was then com-
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pleted by boiling for nineteen hours in an oil-bath. The solution

was concentrated to a volume of about 700 cc. and saturated at

o® with dry hydrochloric acid gas. After standing on ice for one

week, the separated glutanainic acid hydrochloride was filtered

off. The yield, after deducting the ammonium chloride present,

was equivalent to 50.45 grams glutaminic acid, or 10.52 per cent

of the protein. This glutaminic acid hydrochloride, after dis-

solving in water and reprecipitating with strong hydrochloric

acid, gave the following analysis:

Chlorine, 0.2127 gtn. subst. gave 0,1695 gm. AgCl.

Calculated for C4H9O4NHCI Cl = 19.35 per cent.

Found.... Cl 19.70

The filtrate from the glutaminic acid hydrochloride was con-

centrated, under reduced pressure, to a very heavy syrup which
was esterified in the manner often described. After the esters

had been shaken out with ether, the aqueous layer was freed

from inorganic salts and the esterification was once more repeated.

The combined ethereal extracts were thoroughly dehydrated
with sodium sulphate and, after removing the ether at 760 mm.
the residual amino-acid esters were fractioned under diminished

pressure with the following results:

,
Temp, of Pressure, Weight,

Fraction. bath up to mm. grama.

1 85° 23. 5.65
11 80° 4. 37.81

III 110° 0.85 97.27
IV 130° 0.73 54.75
V 195° 0.65 58.93

Total 254.41

The undistilled residue weighed 65 grams.

Fraciion L This fraction (including the ether removed at
ordinary pressures) yielded 4.49 grams of glycocoll ethyl-ester

hydrochloride, which at 145® melted sharply to a clear oil.

Niirogen, 0, 1974 gm. subst required 14.3 cc. HCI.

Calculated for C^Hj^O^NCl .N 10.04 percent.
Found 10.14 **

The free amino-acids in the filtrate from the glycocoll ethyl-ester

hydrochloride were regenerated, and 0.50 gram of leucine and
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0.90 gram of alanine were obtained. The alanine crystallized in

needles having the following composition:

Carbon and hydrogen, 0.1739 gm. subst. gave 0.25S3 gm. C0» and
0.1273 gm. HO,

Calculated for CjHjOjN C = 10.45; H = 7.S6 percent.

Found C = 10.50; H = S.13
"

Fraction II. This fraction was saponified by boiling with

water for seven hours. The .solution was then evaporated to

dryness under diminished pressure, and the dried amino-acids

were boiled with absolute alcohol, thus extracting the proline.

After removing the proline, the remaining amino-acids, tvhich

weighed 23.75 grams, were subjected to a careful fractional cry-

stallization. Glycocoll was not found. There were isolated,

9.95 grams of leucine, 3.31 grams of valine and 3.6 grams of

alanine. The leucine weighed was analytically pure. The de-

composition point was 298°.

Carbon and hydrogen, 0,1533 gm. subst. gave 0.3090 gm. CO, and

0.1350 gm. H.,0,

Calculated for CjHjpOjN C = 54.96; H = 9.92 percent.

Found C == 54.98; H = 9.S2

The valine when dissolved in 20 per cent hydrochloric acid had
20°

a specific rotation of (a) “ = 26.1°.

Carbon and hydrogen, 0 1391 gm. subst. gave 0.2626 gm. CO, and

0.1162 gm. H,0.

Calculated for CsHijOjN, C = 51.28; H = 0.40 per cent

Found ' C = 51 . 48; H = 9.2S
“

The alanine crystallized in needles.

Carbon and hydrogen, 0.1471 gm. subst. gave 0.2191 gm. CO, and

0.1060 gm. H.,0.

Calculated for CjH,0,14 C = 40.45; H = 7.86 per cent.

Found C = 40.62; H = 8.00

Recrystallized once again from dilute alcohol, this alanine

gave beautiful needles which decomposed at 290° on rapid heat-

ing.
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Carbo7iaiidhydrogen,l, gm. subst. gave 0.390S gm. CO, and

0.1889 gm. HjO. II, 0.1490 gm. subst. gave 0.2227 gm. CO, and 0.0996

gm. HgO.

Calculated for C,HA^- C *= 40.45; H = 7.86 percent.

Found I, C « 40.69; H « 8.01

11, C =40.76; H = 7.42 «

Fraction IIL This fraction was boiled with water for seven

hours and the solution concentrated to dryness under reduced

pressure. Proline was extracted from the dried residue %vith

absolute alcohol. The amino-acids insoluble in alcohol weighed

45.71 grams, from which there were isolated 35.73 grams of leu-

cine. The alcoholic extracts containing the proline from Frac-

tions II and III were joined, and the alcohol i-emoved under

diminished pressure. The residue was extracted with boiling

alcohol and the solution allowed to stand over night. After

filtering out 1.15 grams of substance which had separated on
standing, this process was repeated until nothing more was depos-

ited after standing for several hours. The proline yielded 2.03

grams of the racemic copper salt, and 22.24 grams of the laevo-

salt dried at 110°. The Isevo-proline was coupled with phenyliso-

cyanate, and the resulting phenylhydantpine melted sharply at

143° to a clear oil.

Carbon and hydrogen, 0.1162 gm. subst. gave 0.2840 gm. COj and
0.0635 gm. HjO.

Calculated for CjjHjjOjN C = 66.67; H = 5.57 percent.
Found * C = 66.65; H « 6.07 "

The racemic salt, when once recrystallized from water, separ-
ated in the characteristic plates.

Water^ I, 0.2429 gm. subst., air dried, lost 0.0268 gm. HjO at 110°

II, 0. G4S6 “ " “ ‘'0.0712 “ * “

Calculated for C15HJ5O4N5CU.2H2O HjO = 10.99 per cent.
Found H2O = I, 11.03 "

11.10.99 “

Copper, 0.353S gm. subst., dried at 110°, gave 0,0961 gm. CuO.

Calculated for C|0Hj4O4XjCu Cu = 21.81 percent.
Found Cu= 21.70
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Fraction IV. This fraction was suspended in five volumes of

water and shaken with an equal volume of ether. The ether

yielded, by the usual treatment, 9.90 grams of phenylalanine

hydrochloride. The aqueous layer was saponified by warming
on the water-bath for five hours with 100 grams of baryta. There
were obtained 13.54 grams of aspartic acid as the barium salt.

After once recrystallizing the free acid from water, the crystals

reddened but did not decompose at 300°.

Carbon and hydrogen, 0.2400 gm. subst. gave 0.3211 gm. COj and
0.1171 gm. H2O.

Calculated for C<HjO,,N C = 36.09; H = 5. 26 per cent.

Found C = 36.48; H = 5.42 “

The filtrate from the barium aspartate was quantitatively

freed from barium and the solution was concentrated to a synip

under diminished pressure. No glutaminic acid could be separ-

ated from this solution as the hydrochloride. The free amino-

acids were regenerated and converted into their copper salts,

from which 2.93 grams of air dry copper aspartate were separated.

The copper was removed from the filtrate from the copper

aspartate, but no serine could be isolated from the solution.

Fraction V. This fraction yielded 1S.07 grams of phenyl-

alanine hydrochloride, 3.55 grams of aspartic acid, 11.69 grams

of glutaminic acid hydrochloride and 2.54 grams of copper aspar-

tate. The free phenylalanine was analyzed as follows:

Carbon and hydrogen, 0. 1637 gm. subst., gave 0,3940 gm. CO^.

Calculated for CjHnNOj C = 65.45; H = 6. 66 percent.

Found C = 65.64; H = lost

The aspartic acid obtained from the barium salt reddened

but did not decompose at 300°.

Carbon and hydrogen, 0.2553 gm. subst. gave 0.3377 gm. CO, and

0.1248 gm. H,0.

Calculated for C^HyOjN C = 36.09; H =5.26 percent.

Found C = 36. 07; H = 5.43 “

The glutaminic acid hydrochloride after one recrystallization

from strong hydrochloric acid, decomposed at 199°. With an

equivalent quantity of potassium hydroxide, it yielded free glu-

taminic acid which decomposed sharply at 203° to 203°.
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Carbon and hydrogen, 0.1252 gm. subst. gave 0.1866 gm. COj and

0,0700 gm. HjO.

Calculated for C^HpO.N C « 40.81; H - 6. 12 percent.

Found C« 40.64; H-6.21 "

The copper aspartate crystallized from a large volume of water

in the characteristic sheaves.

Nitrogen, 0.2558 gm. subst. required 9.7 cc. HCl.

Calculated for C^H Cu. 4iH20 .. .Cu = 23.07; N - 5 . 08 per cent.

Found Cu = 23.26; N= 5.30

GLUTAMINIC ACID.

This protein resembles leucosin in regard to the difficulty of

determining glutaminic acid directly, as is shown by the follow-

ing.

Eighty-four grams of pea legumelin, equivalent to 73.23 grams
ash and moisture-free, were hydrolyzed by boiling with a mixture

of 84 cc. of water and 84 cc. of hydrochloric acid (sp. gr. 1.19)

for twenty-six hours. The solution was sharply concentrated to

a heavy syrup and saturated at 0° with hydrochloric acid gas.

After prolonged standing on ice, 3.13 grams of glutaminic acid

hydrochloride separated. The filtrate was again saturated and
2*15 grams further was obtained. This is 5.76 per cent of the

protein, while we obtained in the hydrolysis of the larger quantity
first described, 12.96 per cent.

THE RESIDUE AFTER DISTILLATION.

The undistilled residue which weighed 65 grams was dissolved
in boiling absolute alcohol. On standing over night, 2 grams of
substance separated, which was filtered out. After removing
the alcohol and heating the residual solution with an excess of
baryta for five hours, the baryta was removed, and glutaminic
acid separated as the hydrochloride, in the usual manner. This
’^veighed 2.91 grams and decomposed at 199®. The free acid de-
composed at 203®.

TYROSINE.

A quantity of legumelin equal to 43.63 grams of ash and mois-
ture-free substance was hydrolyzed with 150 grams of concentrated
sulpliuric acid and 300 cc. of water, by digesting on a boiling
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water-bath until the legumelin was dissolved and then boiling the

solution for 12 hours in an oil-bath. After removing the sulphu-

ric acid and extracting the barium sulphate by boiling out with

water, the solution was concentrated to crystallization. The
substance that separated was then redissolved in boiling water,

decolorized with animal charcoal and the tyrosine recrystallized

by concentrating and cooling the solution. The tyrosine thus

obtained weighed 0.68 gram, equal to 1.56 per cent.

Carbon and hydrogen, 0.1573 gm. subst. gave 0.3460 gm. CO, and

0.0S94 gm. H,0.

Calculated for CjHjjOjN C — 59.67; H = 6. 08 per cent.

Found C = 59.9S; H = 6.31 “

The filtrates from the tyrosine were used for determinations

of the bases according to the method of Kossel and Patten.

CYSTINE.

No attempt was made to determine cystine, on account of lack

of sufficient material.

HISTIDINE.

The solution of the histidine = 500 cc.

Nitrogen, 100 cc. solution required 5.36 cc. ~ HCl = 0.2680 gm. N

in 500 cc. = 0.9889 gm. histidine =^2.27 per cent.

The histidine was converted into the dichloride for identifica-

tion.

Chlorine, 0.1000 gm. subst., air dry, gave 0.1252 gm. AgCl.

Calculated for CgH,0;2HCl Cl =31.14 per cent.

Found Cl = 30.96 “

The histidine dichloride decomposed at 232°.

ARGININE.

The solution of the arginine == 1000 cc.

Nitrogen, 50 cc. solution required 3.71 cc. y HCl = 0.7420 gm. N in

1000 cc. = 2.3054 gm. arginine + 0.0720 gm. = 2.3774 gm. = 5.45

per cent.
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The arginine was converted into the copper nitrate double

salt for identification. The greater part of the solution was lost

by an accident, therefore only a little substance was available.

Copper, 0.0366 gm, subst. air dry gave 0.0050 gm. CuO.

Calculated for CjzHjgO^Ng Cu (N0.,)2.3H20 . . Cu = 10.79 per cent.

Found

Calculated for Cu (N03) 2 .3H20 . .Cu = 10. 79 per cent.

Found ‘ Cu = 10.92 "

LYSINE.

The lysine picrate weighed 3.400 grams == 1.3224 grams
lysine = 3.03 per cent. The lysine was identified as the picrate.

Nitrogen, 0.3000 gm. subst., dried at 100°, required 5.58 cc. ^
HO.

Calculated for CeHi^OjNj. CgH^OyN.
Found

N — IS. 70 per cent.

N -= 18.60





THE DETECTION AND QUANTITATIVE DETERMINATION OF
^-OXYBUTYRIC ACID IN THE URINE.‘

By O. F. black:

(pontribution from the Laboratory of Biological Chemistry of the Harvard

Medical School.)

(Received for publication, July 29, 1908),

It is generally recognized that /?-oxybutyric acid, on oxidation

in the body, yields first acetacetic acid, which then decomposes

into acetone. This reaction can be carried out in the laboratory

by the use of hydrogen peroxide as the oxidizing agent, and was
observed by me some months before a description of it was
recently published by Dakin. ^ The intermediate product, acet-

acetic acid, can be tested for in a solution by the addition of ferric

chloride which produces a bright red color, the well-known Ger-

hardt's test. If jS-oxybutyric acid be tested with hydrogen per-

oxide in the presence of ferric chloride one obtains this same
color reaction, which thus becomes a test for ^-oxybutyric acid.

Procedure. Two or three drops of the ordinary commercial
hydrogen peroxide are added to the dilute solution of ^-oxybuty-
ric acid in a test tube and mixed by shaking, then a few drops of

S per cent ferric chloride containing a trace of ferrous chloride.

On standing a few seconds a beautiful rose color develops which
slowly intensifies until it reaches a maximum and then gradually
fades owing to the further oxidation of the acetacetic acid. The
chief precautions to be observed in carrying out the test are to be
sure that the solution is cold and nearly neutral, and to avoid a
large excess of hydrogen peroxide and iron. If too much of the
oxidizing agents is added and but little /?-oxybutyric acid be
present the color developed is transitory or fails to appear. By
starting with a small quantity and then adding more ferric

chloride at intervals of a few minutes until no further color is

produced one is able to observe the full intensity of color, and
thereby get a rough idea as to the amount of /?-oxybutyric acid

'Done with aid from the Proctor Fund.^
^ This yonrjra/, iv, p. i.
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present. The test has a considerable delicacy
;
a solution contain-

ing o.i of a milligram per cubic centimeter, or one part in 10,000,

gave an easily recognized color.

In the urine. The color of urine and the presence of acetacetic

acid and sugar all interfere ndth the test when applied to the

urine directly. The following procedure, however, has been
found to give the required result, and can easily and quickly be
carried out. Five to 10 cc. of the urine under examination are

concentrated in an evaporating dish at a gentle heat to one-third

or one-fourth of the original volume which eliminates the acet-

acetic acid. The residue is then acidified •with a few drops of con-

centrated hydrochloi'ic acid and made to a thick paste with plaster

of paris and allowed to stand until it begins to set. It is then

stirred and broken up in the dish with a blunt ended stirring rod.

The porous meal thus obtained is extracted twice with ether by
stirring and decantation. The ether extract which contains

j9-oxybutyric acid is evaporated spontaneous!}'' or on the water-

bath. The residue is finall}’’ dissolved in water, neutralized with

barium carbonate and the test applied as already described.

The reaction occurring in this test, namely, theoxidationof ;?-oxybutyric

acid to acetacetic acid and thence to acetone has been investigated in

this laboratory in its quantitative aspect with the hope that it might offer

a means for the estimation of /?-o.xybutyric acid. The results were not

encouraging for, although a certain degree of constancy was observed in

the amounts of acetone produced by known quantities of /?-oxybutyric

acid, they fell far short of what was required by calculation. Moreover,

sugar was found to yield products which interfered. So it was concluded

that oxidation by hydrogen peroxide is not suited for a quantitative

method.

QUANTITATIVE.

As described above in the qualitative method ^-oxybutyric

acid is readily extracted from urine after evaporating and drying

with plaster of paris. It seemed probable that this might offer

a means for the quantitative estimation of the acid more rapid

than the methods that are now in use. Of the numerous methods

proposed for determining this acid the most reliable are undoubt-

edly Geelmuyden’s and Magnus-Levy’s. These authors extract

the urine, after strongly acidifying Avith a mineral acid, with

ether in a continuous extractor for periods ranging from 48 to 72
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hours. I have found that by previously drying the urine with

plaster of paris a more complete extraction may be accomplished

in two hours.

A known solution of active ^-oxybutyric acid was prepared by
concentrating some diabetic urine, acidifying the residue, drying

with plaster of paris, and extracting with ether. This is an effec-

tive method for the preparation of the acid as fairly large volumes

of urine can be concentrated and the product is but slightly dis-

colored. The yellow syrup obtained was taken up with water

decolorized with bone black, and its strength determined by the

polariscope. This was used as a known solution to add to a nor-

mal urine as follows
:
50 cc. of a normal urine was treated with a

definite amount of the above solution of ^-oxybutyric acid, made
faintly alkaline with sodium carbonate and boiled down to one-

third of its volume and then concentrated to about 10 cc. on the

water-bath. The residue was cooled, acidified %vith a few drops

of concentrated hydrochloric acid until it reddened litmus dis-

tinctly, and mixed with plaster of paris to a thick paste. The
mixture on standing a few minutes begins to harden. It is then
stirred and broken up with a stout glass rod and more plaster is

added, if necessary, until it has the consistency of a fairly dry,

coarse meal. This is transferred to a continuous extraction

apparatus where it is extracted with ether for two hours. The
ether e.xtract is then evaporated, either spontaneously, or in an
air current, the residue taken up with water, treated with a little

bone black if necessary, filtered until perfectly clear and made to
known volume (25 cc. or less). The

,
5-oxybutyric acid is deter-

mined with the polariscope. The following figures were obtained
with normal urines treated with known quantities of the acid.

Polariscope. Calculated grams
of acid.

Grams a
added.

1.49° 0.8150 0.8053
1.43° 0.7824 0.8053
1.40° 0.7990 0.8053

0.70° 0.3830 0.3Sd0
0.70° 0.3S30 0.38d0
0.6S° 0.3720 0.3840

1.02° 0.5500 0.57G0
1.00° 0.5470 0.5760
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A series of determinations on a diabetic urine containing much
sugar gave these figures in grams.

1. 0^ 24-hour urine.

January 26 .... 27.3 29.7 3720
January 27 .... 28.0 29.3 3940
January 28 .... 24.6 23.9 3210
Januaiy 29 .... 26.7 25.5 3210
January 30 .... 34.6 32,0 3190
January 31 .... 50.5 52.0 4600
February 1 . ... 38.8 39.5 4050
February 2 .... 36.5 37.0 3510

For purposes of comparison the method of Magnus-Levy was
tried on one of the above urines, that of January 3 1 and two deter-

minations which were extracted, one for 60 hours, and the other

for 80 hours, gave respectively 48.8 and 45.5 grams, as against the

50.5 and 52.0 grams obtained by the plaster of paris method in a

two-hour extraction.

A Soxhlet apparatus was used in the extraction, and also a

modification of it which I have devised for this particular process

and which proved very effective. This appa-

ratus consists of an outer jacket (o) fitted to a

small flask and to a condenser. Inside the

jacket is a tube of slightly smaller bore (b)

with a one-hole cork stopper in the lower

end, through which passes the siphon (c) to

which is attached the funnel (d) by a twist

of platinum wire. A pad of glass wool is

packed about the open ends of the siphon and

funnel in the lower part of (b) then the

material to be extracted is poured upon it, not

filling over the top of the siphon. The advan-

tages of this apparatus are, first, that the inner

tube is constantly exposed to the warm
vapors of ether, then, that the ether returns

to the boiling flask hot so there is no interrup-

tion in boiling as in a Soxhlet, finally that

by using siphons of various lengths large or

small amounts of substance may be extracted

with little ether.

d ...
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We have at present for the determination of ’ ^-oxybutyric

acid, no method wliich is not open to serious criticism, either on

the point of accuracy or on account of time, labor and chemicals

involved. The method of separately determining the inorganic

acids and bases of the urine, and so calculating the amount of

organic acid present, was first used for this purpose by Stadel-

mann^ who adopted it from Gahtgens,^ and from its use Stadel-

mann was led to the discovery of the organic acid, thus verifying

the statement made three years earlier by Hallervorden that the

high ammonia content of diabetic urines is due to the presence of

an organic acid.^

This procedure has since been used in the study of /?-oxybu-

tyric acid in relation to acidosis by Magnus-Levy^ and others.

The method is very laborious, necessarily inaccurate, on account
of the many operations required, and still more important, it

does not determine the amount of ^-oxybutyric acid, but merely
the amount of total organic acidity. And for this latter purpose
the simpler and more accurate method proposed by Polin'^ is to

* Stadelmann: Arch, f. exp. Path. ti. Pharm., xvii, p. 419, 1883.
’Gahtgens: Zeitschr. f. physiol. Chem.y iv, p, 36, i88o.
* Hallervorden {Arch. f. exp. Path. n. Pharm.

^

xii, p. 337) in 1880 con-
firmed the finding of Boussingault of high ammonia excretion in diabetes,
and suggested that it was caused by the excretion of an organic acid (lactic
or glycuronic acids). Stadelmann in 1883 confirmed Hallervorden and
isolated crotonic acid. In 1884 Killz, Zeitschr. f. Biol.y xx, p. 165; Arch. f.
exp. Path. u. Pharm.

y

xviii, p. 290, and Minkowski, Arch. f. exp. Path. u.
Fharm.y xviii, pp. 35 and 147, independently showed the acid to be i9-oxy-
hutyric.

I

Magnus-Levy: Arch. f. exp. Path. n. Pharm.y xlii, p. 149, 1S99.
Folin: Amer. Journ. of Physiol., ix, p. 265, 1903.
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be preferred. With one exception, the other methods for the

determination of /?-oxybutyric acid are based upon the optical

activity of the laevorotary acid or its salts.

The rotation of the fermented urine is read in the polariscope

(Kiilz) with or without preliminary treatment with basic lead

acetate; or the acid is extracted by ether from the evaporated

urine, and the rotation of an aqueous solution of the residue

from the ether is determined, and the amount of oxybutyric acid

calculated.

Direct reading of the fermented urine is easy enough but the

results are worthless because of, first, the great percentage error

in reading dilute solutions of the acid or its salts second, the

probable presence of other optically active substances in urine

even after fermentation; and third, if basic lead acetate be used,

the action of this substance in increasing the laevorotation of

salts of the acid (Magnus-Levy).* Extraction of the acid by

ether, and subsequent polarization of the aqueous solution of the

residue from the ether w'as apparently first used by Wolpe^ in 1886.

Without altering the principle of the method, it has been very

materiallyimproved by Magnus-Levy, Bergell,'* and most recently

by Black. With the use of the latter’s modifications which con-

sistin dehydrating the evaporated urine with plaster of paris, and

the use of an improved continuous ether-extraction apparatus,'^

the method is fairly quick and the results may be fairly satisfac-

tory. The principle of the method is still however open to the

objection of difficulty of complete e.xtraction, and that other

optically active substances may be extracted from the urine,

* The specific rotation of the free acid is — 24.12° and of the sodium salt

— 14,35° (Magnus-Levy; Arch. f. exp. Path. n. Pharm., .xlv, p. 393 and 397,

1901). The specific rotation is different for the salts with different bases.

Magnus-Levy points out that an error of 0.10° in reading the polariscope

would amount to about 15 grams in 5 liters of urine {ibid., xlii, p. 170,

1899). An error of 0.10° in reading a 2 per cent solution of /S-oxybutyric

acid (which is frequently obtained from urines containing only a little of

this acid) would amount to more than 10 per cent of the total.

* Magnus-Levy: Arch. f. exp. Path. u. Pharm., xlv, p. 393, 190X.

’Wolpe: Arch. f. exp. Path. u. Pharm., xxi, p. 138.

‘Bergell: Zeitschr. f. physiol. Chem., xxxiii, p. 310, 1901.

* Bergell used anhydrous copper sulphate and extracted in a Soxhlet

apparatus.
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and either increase or decrease the laevorotation of the final

solution.

The method proposed by DarmstMter^ is, from its author's

description, very easy and exceedingly accurate; though in my
hands it has not been successful. After evaporating the urine

made alkaline with sodium carbonate Darmstadter distills it with

a constant concentration of 50 per cent sulphuric acid thus con-

verting the /i-oxybutyric acid into crotonic acid which distills oven

The distillate of 300 to 400 cc. is extracted three times with ether

which, he claims, removes, all of the crotonic acid. The ether is

distilled and the residue, containing the crotonic acid, after being

heated on a sand-bath to remove the volatile acids, is dissolved in

water and titrated with alkali. Darmstadter in this way obtained

results from 99.36 per cent to 99.70 per cent of the amount of

synthetic ^-oxybutyric acid added to urine. Unfortunately he
does not state just how he determined so accurately the amount
of oxybutyric acid used in his experiments. Of the various objec-

tions to this method as its author describes it, the most obvious
is perhaps the difficulty in completely extracting the crotonic

acid from 300 cc. of liquid, by two or three portions of ether.

The method has not apparently been received with favor.

It occurred to me that it might be possible to utilize as the
basis for a new method a property of /?-oxybutyric acid long ago
mentioned by Minkowski—its oxidation with the formation of

acetone and carbon dioxide. I hoped that the reaction might,
under certain conditions, proceed after the following well known
scheme.

CH3 CH3 CH3

H-C-OH C:=0 —> C«0
CH, -f O CHa + H^O CH,
I

I

—
COOH COOH CO,

^‘Oxybutyric acid —> diacetic acid acetone and carbon dioxide.

Distilling with sulphuric acid and potassium bichromate, under
the conditions to be described, it is easily possible to obtain from
5'Oxybutyric acid the theoretical amount of acetone, the quantity

Darmstadter: Zcitschr. f. physiol, Chcm,, xxxvii, p, 355, 1903.
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of which may be accurately determined by means of standard
iodine and thiosulphate solutions.

The conditions necessary for a maximum yield of acetone
concern the concentrations of sulphuric acid, and of bichromate.
Too little suphuric acid, even with an excess of bichromate liber-
ates the acetone very slowly and perhaps incompletely; while a
very great excess of sulphuric acid decomposes /?-oxybutyric acid
with the formation of crotonic acid. The optimum concentration
appears to be between 3 per cent and 7 per cent sulphuric acid.
The following experiments show the effect of varying amounts of
sulphuric acid upon the speed with which the acetone is formed.

The determinations were made in a fairly pure solution of inactive
/?-oxybutyric acid, made by the reduction of acetacetic ester by sodium
amalgam^ (WisHcenus).' About 90 per cent of the titrated acidity of
the solution was due to oxybutyric acid (from the determination of acetone
under conditions giving the correct results).

The volume of each distillate was about 300 cc.; more water was added
to the distilling flask before each subsequent distillation or the volume was
kept constant at about 500 cc. by means of water from a dropping funnel.

The acetone in the distillates was determined as usual with standard
{in3'S P®r cent -j^) thiousulphate and iodine solutions, of which i cc. =>

r mg. acetone. The results are given in milligrams of acetone.

With i.o gram potassium bichromate;

I. 1 cc. H0SO4 1st dist. 16.0 mg. acetone.

2d “ 18.8
3d " 7.0

4tb “ 2.4 “

44.

S

II. 2 cc. HjSO, 1st dist. 21.5 "

2d “ 19.0 "

3d “ 6.2 ''

4th “ 1.7 "

48.4

III, 5cc. HjSO^ 1st dist. 39.1 “

2d " 10.6 “

49.7

* Wislicenus: A>w. d. Chan., cxiix, p. 205, 1869.
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IV, 20cc. H2SO4 1st dist. 47,0 mg. acetone,

2d " 0.0

47.0

V. 50 cc. HjSO, 1 St dist. 40,6

2d " 0.0

40.6

VI. 50 cc, H,SO, 1st dist. 43.0

2d " 0.0

43.0

For bichromate the danger lies in use of too large a quantity,

which gives very low results: probably because of a further oxida-

tion of the acetacetic acid, first formed. This danger may be

averted by adding the potassium bichromate in a dilute solution

from a dropping funnel during the distillation. At the same time

the concentration of sulphuric acid is thereby kept practically

constant.

The following results show the effect of varying quantities of

potassium bichromate; in these experiments both sulphuric acid

and bichromate were added before starting the distillation.

The original volume in each distilling flask was about 500 cc. of

which about 300 to 350 cc. was distilled.

With 10 cc. HjSO*

I. With 0,3 gm. KjCrjO;

II. 0.5 "

III, 0.5 "

IV. 1.0

V. 1.0 "

VI. 3.0 "

VII. 5.0

With 15 cc, HjSO,

I. With 1 gm. KjCrOy 36.2
II. 5 " " 23.5
HI. 10.

" " 20.5
IV. 20 « (20cc,HjSO4) 13.9

» 40.0 mg. acetone.

40.0

41.0

36.0 "

35.3

36.8 "

23.7
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The following are the results of similar determinations except
that the bichromate (in dilute solution, usually 0.2 to 0.5 per cent)

was added from a dropping funnel during the distillation; the

solution dropping in about as fast as the distillate collected.

I. lOcc. HaSO^,0.5 gm
II. 10 u

0.5 a

III. 7
li 0.5 it

IV. 7 u 0.5 u

V. 10 <( 3.0 a

VI. 10 tt

3.0 n

VII. 10 it 3.0 tt

VIII. 10 It

3.0 it

IX. 10 (( 3.0 tt

X. 20 a 3.0 tt

KjCrjOj 40 , 0 mg. acetone.
“ 40.0
“ 41.0
“ 40.0
“ 38.0
“ 38.4
“ 36.7
“ 38.7
“ 36.8
“ 38.1 “

In a different solution:

I. 20 cc. oxybutyric acid sol. 15 cc. HjSO^ 1 % KXr,0

Mf;. acetone
per i00 cc. o.xv-

butyric acid
solution.

,
S4.0

II. 40 it tt tt tt 15 tt tt

1
tt

84.

5

III. 20 u tt tt tt 15 it tt
1

it 81.5

IV. 40 tt it ft tt 15 tt ((

1
tt 79.0

V. 20 tt tt tt it 20 it tt 2 tt 7S.5
VI. 40 tt tt tt tt 20 tt tt 2 it 79.3

VII. 20 u tt tt tt 20 tt tt 2 tt 82.5

VIII. 40 tt tt it ft 20 it tt 2 tt 83.0

IX. 20 ft it tt tt 20 tt it 0.1 tt 82.5

X. 20 tt a li u 20 tt a 2. it 79.5

These results show that even when a dropping funnel is used

for the addition of the bichromate, the solution should not be too

concentrated, or, what is the same thing, the bichromate should

be added slowly. When this is done the results are accurate. In

order to prove this point sodium salt of the inactive acid (already

about 90 per cent pure) was prepared and recrystallized three

times from absolute alcohol. This recrystallized salt was dissolved

in water, excess of sulphuric acid added, cooling with ice, and the

solution dehydrated with plaster of pans. The plaster was pow-

dered and extracted with dry ether in a Soxhlet apparatus. The

aqueous solution of the ether residue was boiled with pure bone

black, filtered, cooled and a portion titrated with alkali (phenol-

phthalein).
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. 25 cc. = 6 . 85 cc. ^ X 10 . 4 = 71 . 2 mg. /?-oxybutyric acid = 39.6 mg.

acetone.

Five determinations under identical conditions in 25 cc. por-

tions of this solution gave

40.2 mg. acetone — 101 .3 percent.

39.1 « ft 98.8 it

41.0 tt u 103.3 u

40.7 (( it 102.7 tt

39.2 u tt 99.0 tt

The distillations were carried out with 15 cc. of concentrated

sulphuric acid and keeping the volume nearly constant at about

400 cc. by dropping in water or 0.2 per cent potassium bichro-

mate from a dropping funnel. A total of about i gram of potas-

sium bichromate was added, and about 800 cc. distilled in each

case.

When this method was applied to urine, difficulties were at once

encountered
,
but were satisfactorily overcome.

Normal urines distilled with chromic acid give acetone although

in small quantities. This was shown in 1885 by Fliickiger,^

who found the chief source of the acetone in the conjugated

glucuronic acids. The glucuronic acids may however be removed
by basic lead acetate and ammonia, which reagents do not pre-

cipitate /?-oxybutyric acid. The small quantities of formic and
butyric acids present in normal and pathological urines would
interfere with the determination of ^-oxybutyric acid by this

method, but these volatile acids may be removed by distilling

the urine with sulphuric acid before the addition of bichrom^te.^

‘ FlUckiger: Zeitschr. j. physiol. Chon., ix, p. 343 .

^ ^-Oxybutyric acid in the concentration present during the distilla-

tion (never over 0.05 per cent) is not decomposed by i per cent to 10 per
cent sulphuric acid. Ten cc. ^-oxybutyric acid solution + 500 cc. water
+ 15 cc. sulphuric acid was distilled until 200 cc. distillate had collected.
*l'his distillate contained 0.35 cc. ^ acidity, the equivalent of 3,6 mg. of
^‘Oxybutyric acid. The liquid in the distilling flask was again distilled,
this time dropping in 0.5 per cent potassium bichromate. This distillate
contained 10S .4 mg. acetone. Duplicate determinations in the same oxy-
hutyric acid solution, but without previous boiling with sulphuric acid,

107 .S mg. and 10S .6 mg. acetone. Araki: Zeitschr. f. physioL Chon.,
xvui, p I, 1893) found on distilling 200 cc. of a i per cent solution of
<?'0.xybutyric acid that about i per cent (0.019 gm.) passed over as cro
tonic acid in the first 100 cc. distillate.
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Any formic acid passing into the distillate containing the acetone from
/?-oxybutyric acid would use up iodine in the subsequent titration; while
butyric acid, on treatment with bichromate is partially oxidized, pre-

sumabJy to /?-oxybutyric acid, thus increasing the yield of acetone.

Glucose also presents obstacles, since on treatment with chromic
acid small quantities of what I believe to be formic aldehyde

and formic acid are formed. This trouble is very easily over-

come by redistilling the distillate supposed to contain acetone

from /?-oxybutyric acid, with hydrogen peroxide and alkali.

The acetone is not attacked^ but the aldehyde (?) is oxidized

to the corresponding acid, which is held back by the alkali.

Lactic acid, when present, also interferes, presumably by the

formation of acetic aldehyde which passes over mth the acetone,

and yields iodoform on treatment with hypoiodite
;
but this diffi-

culty is likewise wholly removed by subsequent distillation with

hydrogen peroxide and alkali.

The following experiments illustrate the above statement

concerning glucose and lactic acid.

2 grams glucose in 500 cc. water -f- 10 gm. sulphuric acid distilled,

dropping in 3 per cent potassium bichromate (12 gm.). 600 cc. of the

distillate titrated with iodine and thiosulphate gave the equivalent

of 19.7 mg. acetone; but no iodoform was fotindy the solution remaining

clear,

I gram glucose in 500 cc. water -f 5 cc. ^5-oxybutyric acid solution +
10 cc. sulphuric acid. Distilled, dropping in 3 per cent potassium bichro-

mate (9 gm.). Distillate = 46.2 mg. acetone. Duplicate = 47-J

acetone.

No glucose, 5 cc. /?-oxybutyric acid solution, etc. Distillate = 36.7

mg. acetone. Duplicate — 38.7 mg. acetone.

I gm. glucose -f 50 cc. of a different ^^'-oxybutyric solution -f 10 tc.

sulphuric acid -f water. Distilled, dropping in 2 per cent potassium

bichromate. First distillate redistilled with 25 cc. 3 per cent hydrogen

peroxide + 5 cc. 10 per cent sodium hydroxide. This distillate ^ 4^*^

^ Dakin: This Jottrnal, iv, p. 81, 190S. The following experiment shows

the stability of acetone in the presence of hydrogen peroxide. 25 cc. of

a dilute acetone solution titrated direct with standard iodine and thio-

sulphate « 36.3 mg. acetone. 25 cc. acetone solution 4* 400 cc. water

-f 25 cc. 3 per cent hydrogen peroxide -f 5 cc. 10 per cent sodium hy-

droxide. Distillate contained 36.3 mg. acetone. Duplicate distillate

contained 36.9 mg. acetone.
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mg. acetone. Control determination in pure solution without glucose

« 42.8 mg. acetone.

2.5 gms. calcium lactate in 500 cc. water + 10 cc. sulphuric acid.

Distilled, dropping in 2 per cent potassium bichromate. 400 cc. of the

distillate gave the equivalent of 80 mg, acetone, with the formation of

much iodoform,

1 gm. calcium lactate in 500 cc. water -h 25 cc. acetone solution

(~ 36.3 mg. acetone) d- 10 cc. sulphuric acid. Distilled 500 cc., dropping

in 2 per cent potassium bichromate (4 gms.)

() 125 cc. distillate titrated direct = 18.3 X 4 — 73-2 mg. acetone.

() 250 cc. distillate redistilled with hydrogen peroxide + sodium

hydroxide =* 17.9 X 2 = 35-8,

(c) Gave strong positive reaction with ammoniacal silver nitrate solu-

tion containing sodium hydroxide.

By the use of basic lead acetate and ammonia, and of the sec-

ond distillation with hydrogen peroxide and alkali it is possible

to overcome all of the more serious drawbacks to this method
which I have so far encountered.

Phenol and skatol from the conjugated acids may still cause

some inaccuracy but the greater part of these substances pass

over in the preliminary distillation with sulphuric acid alone; and
in any event this error is very small—from 20 to perhaps 100 mg.
in a 24-hour urine.

Other substances, such as leucin,^ sometimes present in urine

in relatively small quantities, may be capable of forming acetone
under the circumstances, but it is not likely that this possible

error is of sufficient size to materially detract from the usefulness
of the method.
A number of different normal and pathological urines, not con-

taining /?*oxybutyric acid, which I have examined have given
results equivalent to less than 0.100 gram ^-oxybutyric acid for a
24'hour urine (0.010 gram to o.pSo gram).

In the routine use of this method we determine at the same
time the preformed acetone plus acetone from diacetic acid, with
very satisfactory results. The three distillations of the Mes-
singer-Huppert method are for practical purposes unnecessary,
though two distillations are desirable.

The method which I propose for the determination of acetone
-f diacetic acid, and of /?-oxybutyric acid is carried out as follows:

' Dakin: This Journal, iv, p, 63, 1908.
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From 25 to 250 cc. of urine, depending upon whether much or

little /?-oxybutyric acid is expected,^ is measured into a 500 cc.

volumetric flask and an excess of basic lead acetate and 10 cc.

of concentrated ammonium hydroxide are added. This is diluted

to the mark with water, shaken and filtered. An aliquot part

of the filtrate (usually 200 cc.) is diluted with water to 500 to

600 cc., 15 cc. of concentrated sulphuric acid and talcum added,

and the mixture distilled until 200 to 250 cc. of distillate has col-

lected. (Distillate A.)

The distilling flask (800 cc. Kjeldahl’s are convenient) must be

fitted with a dropping tube and water run in to prevent the vol-

ume in the flask from becoming less than 400 cc.

Distillate A contains the acetone, preformed and from diacetic

acid, and also the volatile fatty acids present; to remove the

latter, including the disturbing formic acid, distillate A is redis-

tilled after adding a little fixed alkali (5 cc. of 10 per cent sodium

hydroxide). This distillate (A,) is titrated with standard iodine

and thiosulphate.

The residue of urine -}- sulphuric acid from which Distillate A
Avas obtained is again distilled, dropping in 400 to 600 cc. of o.i

per cent to 0.5 per cent potassium bichromate solution. (Ordi-

narily 0.5 gm. potassium bichromate will be sufficient; with

much sugar or when much urine is used even 2 or 3 gms. may be

necessary.) The potassium bichromate solution should not be

added faster than the distillate collects unless the boiling liquid

turns pure green, thus indicating that the bichromate is being

used up more rapidly. When about 500 cc. of distillate (B) has

collected, 20 cc. of 3 per cent hydrogen peroxide is added to the

distillate (or the distillate may be collected in a flask containing

the hydrogen peroxide) together with a few cc. of sodium hydrox-

ide solution and this distillate (B) is again distilled. This dis-

• Of diabetic or other urines giving a strong ferric chloride reaction for

diacetic acid, or when 5 to 10 grams or more /J-oxybutyric acid is expected,

25 to 50 cc. or even less urine will be found a suitable quantity; when little

or no
/
3-oxybutyric acid is e.xpected, 125 cc. or 250 cc. may be used. In

either case the amount taken is sufficient for duplicate ‘determinations.

The aim should be to use such a quantity of urine as will give between

25 and 50 mg. of acetone from /?-oxybutyric acid.
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tillate now obtained 300 cc. should be distilled) is titrated

as usual with iodine and thiosulphate.

A good condenser must be used for the distillations, but it is

not necessary to cool the distillates with ice, as is sometimes

recommended.

We find it convenient to make our thiosulphate and iodine

solution 103.4 per cent Each cc. of the iodine solution is then

equal to i mg. of acetone or to 1.794 mg. of /?-oxybutyric acid.

The thiosulphate is accepted as the standard, and is restandard-

ized from time to time by ^ potassium bi-iodate.

A few determinations in urines containing no ^-oxybutyric

acid and also of normal urines to which were added varyingamounts
of synthetic

/
7-oxybutyric acid, are given below.

hab. No. 622 Mixed urine of 5 days from a case of epilepsy. Average
for 24 hours.

Acetone + diacetio ^ 0. 018 gm. acetone.

^-Oxybutyricacid ^ 0.018

0.025

Lab. No. 626. 24'hour urine from a case of Grave’s disease. 1220 cc.

sp. gr. 1.017.

Totals: Acetone + diacetic 0.015 gm. acetone.

/?-Oxybutyric — 0 . 025 "

Lab, No. 637 . 24-hour urine from woman 5 months pregnant.

Totals: Acetone + diacetxc « 0. 032 gm. acetone.

^-Oxybutyric 0.032

Lab. No. 638. 24-hour urine from woman 7 months pregnant, who
had a moderate acidosis some weeks earlier.

Acetone -f diacetic — 0. 006 gm. acetone.

^-Oxybutyric =* 0.007 "

Lab. No. 641. Specimen of urine representing probably about 12 hours
from a case of puerperal eclampsia. Urine passed about the time of the
convulsions 400 cc., sp. gr. 1.019; 0.25 per cent albumen.

Acetone -f diacetic =» 0. 027 gm. acetone.

^-0-xybutyric = 0 012

Mixed normal urine.
Tor 1000 cc.

:
^-oxybutyric =» 0 025 gm. acetone.

To the same urine was added 1.50 gm. ^-o.xybutyric acid per liter of
unne.
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For 1000 cc. of urine, ,5-oxybutyric acid O.SOO gni. acetone.
« « U « « Q gQg «

« a « u « 0.890 «

« « « « u O.SGO
Average = 0. 869 gm. acetone,

= 1.56 gm. /?-oxybutyric acid.

Determinations in same /?-oxybutyric acid solution: (a) 0.825 gm.;

(5) 0.830 gm,; (c) 0.S40 gm.; (d) 0.840.

Average « 0. 834 gm. acetone,

— 1.50 gm. ^-oxybutyric acid.

Nonna] urine: sp. gr. 1.021.

Results are given in grams of acetone per 1000 cc. of urine,

I. Without treatment with basic lead acetate and ammonia.
Acetone -f diacetic; Distillate A titrated direct = O.OGOgm.

Distillate A redistilled with

sodium hydroxide = 0.016

/?-Oxybutyric: Distillate B titrated direct — 0.28 “

Distillate B redistilled with

hydrogen peroxide and
sodium hydroxide =0.18 "

II. After treatment with basic lead acetate and
ammonia.

Acetone 4- diacetic: Distillate A titrated direct = 0.042 "

Distillate A redistilled with

sodium hydroxide = 0.008 "

/?-Oxybutyric: Distillate B titrated direct = 0.046 “

Distillate B redistilled with

hydrogen peroxide and
sodium hydroxide = 0.018 “

III. Same urine -f /9-oxybutyric acid solution (2000

cc. ^-oxybutyric acid solution contained ac-

cording to determinations in the solution 0.686

gm. acetone), 2000 cc. of ^-oxybutyric solu-

tion to 1000 cc. urine. Treated with basic lead

acetate and ammonia.
Acetone + diacetic: Distillate A titrated direct = 0.036 "

0.036

Distillate A redistilled with

sodium hydroxide. — 0.010

^-Oxybutyric: Distillate B titrated direct = 0.70G

0.668

Distillate B redistilled with

hydrogen peroxide and

sodium hydroxide == 0.670

0.634 "
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IV. Same proportions of urine and /?-oxybutyric

acid as in III; 8 gms. glucose added per 100 cc.

urine. Treated with basic lead acetate and

ammonia.
Acetone + diacetic: Distillate A redistilled with

sodium hydroxide =* 0.016 gm.

^-Oxybutyric acid: Distillate B redistilled with

H2O2 + NjOH - 0.664 "

V. Same as III, but 4 gms. calcium lactate added

per 100 cc. urine. Treated with basic lead

acetate and ammonia.
Acetone + diacetic: Distillate A titrated direct =* 0.042 “

Distillate A redistilled with

sodium hydroxide =* 0.022 **

^-Oxybutyric: Distillate B titrated direct — 2.338 “

Distillate B redistilled with

hydrogen peroxide and
sodium hydroxide = 0.664 "

VI. Same urine + one-half the amount of /?-oxybu-

tyric acid (= 0.343 gm. acetone per 1000 cc.

urine, according to previous determinations

in pure solution). Treated with basic lead

acetate and ammonia.
Acetone 4- diacetic : Distillate A redistilled with

sodium hydroxide. *= 0.014 "

^-Oxybutyric: Distillate B redistilled with

hydrogen peroxide and
sodium hydroxide. = 0.330 “

0.334 "

0.340 "

Lab. No. 627. Diabetic urine, 1710 cc., sp. gr. 1 . 025. Determinations
made as described on p. 220.

Total acetone + diacetic = 0.81 gm. acetone.

Total ^-o.xybutyric —2.00 gms. acetone or 3.60 gms. /?-oxybutyric acid.
If 250 cc. of this urine (« 0.525 gm. ^^oxybutyric acid) were used for

a determination by any of the ether extraction methods, the ether residue
dissolved in 50 cc. water and the resulting 1.05 per cent solution read in a
200 mm. tube in the polariscope, an error of 0.05® in reading would be 9.5
per cent of the total.

I am indebted to Mr. E. A. Reinoso for carrying out many of
these experiments.





THE INFLUENCE OF COMPLETE THYROIDECTOMY AND
OF THYROID FEEDING UPON CERTAIN PHASES
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(From the Sheffield Laboratory of Physiological Chemistry ^ Yale University.)

(Received for publication, July lo, 1908.)

Despite the overwhelming mass of literature recorded^ rela-

tive to the influence of the thyroid tipon the nutritional changes

in the animal organism the function of this gland still remains in

practical obscurity. Attempts toward a solution of the problem

have been made from various viewpoints, such as investigations

into the metabolic processes attendant upon pathological condi-

tions of the gland and of the action induced in such cases by the

administration of fresh and dried glands and of various com-
mercial preparations. A large number of observations are on
record of feeding or injection of the thyroid or its constituents to

normal man and animals with subsequent determination of the

effects exerted upon the general metabolic activities. Studies

have also been carried out for the purpose of ascertaining diffex'-

ences in nutritional processes after removal of the organ or a por-
tion of it in an attempt to correlate gland function with specific

symptom of metabolic activity, and finally the endeavor to sepa-
rate thyroid function from that exercised by the parathyroids is

at present a theme of much interest and scientific activity.^

The present investigation was undertaken with a view of ascer-

taining possible changes in the intermediary metabolic processes
after complete thyroidectomy and after thyroid feeding. The
occurrence of unusual variations in the excretion of one or more
urinary nitrogenous constituents might indicate a line of attack

* For a review of the literature on thyroid, see von Noorden, Handbuch
rr Palhohgie des Stoffioechscls, ii, 1907.

^

Cf. MacCallum and Vocgtiin: Bulletin of the Johns Hopkins Hospital^
p. 91. 1908.
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226 Thyroid and Metabolism

which followed would possibly render thyroid function less

obscure. Accordingly the composition of the urine, that is, the

relationship of certain of the nitrogenous constituents, has been

determined under the experimental conditions outlined.

EXPERIMENTAL.

Methods. The methods employed for the analysis of the urine

were those commonly in use in this laboratory.^ The feces were

not examined. Sugar determinations were carried out according

to the Allihn method and the procedure of Pfluger^ was followed

for the estimation of glycogen. The thyroidectomy experiments

were performed upon male dogs and catherization was not prac-

ticed. Inasmuch as only the relationships of the nitrogenous

substances were desired exactly twenty-four hour specimens

were not essential. Bitches were employed in the feeding experi-

ments and the urine was obtained in twenty-four hour periods

by catheterization, care being taken against the possibility of

bladder infection. The thryoid preparation fed, desiccated thy-

roid, was obtained from Armour & Co., and contained 12.75 per

cent of nitrogen and 0.12 per cent of iodine. Whenever thyroi-

dectomy was performed the operation was carried out under con-

ditions as aseptic as possible and both the thyroid and para-

thyroids were presumably completely removed. None of the

animals operated upon gave evidence of any disturbance due to

the operative technique itself and all wounds healed rapidly.

The Composition of the Urine after Complete Thyroidectomy^^

Aside from the observation’ that extirpation of the thyroid

causes a decrease in nitrogen elimination little investigation has

been made concerning protein metabolism under these conditions.

A study of the partition of the urinary constituents indicative

of the more important lines of nitrogenous metabolism has there-

fore been carried out, the details of which are to be found in

Tables i, 2, 3, 4 and 5.

‘ Cf. Underhill and Kleiner; This Journal, iv, p. 165, 190S.

* PfiUger: Archiv fiir die gcsammtc Physiologie, cxi, p. 307, 1906.

* Dutto and ho Monaco: Archives italiennes dc biologic, .x.xiv, p. 196,

189s; Roos; Zeitschrifi fur physiologische Chemie, xxi, p. 19, 1895-96.
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— Ŝ £3

g 1 ^
p

to

« :2

JS^ .2

'S
ei

^3

tD
a
o >.

'N
S 0 *-< 0 0 CO 0
^ ,h' i-i d do

•/j

pa^ojajj
§ *0 ‘O to rH 00

I-H i-H 1-C f-< <N <N

a

i^lox
^ rj< 0 10 to ^ CO

^ ci csi d i-< <N ci

a

•K—’BK
per

ceni. 7.1 8.7 8.7 8.6
10.2 10.3

•>I aiiB9J0
j; lO lO 0 rH 0
1 0 0 0 0 00
^ d d d d d d

urupeajD
pauubjaj^ gram. 0.08 0,07 0.06 0.05 0.09 0.09

araiiQdja

i«iox gram. 0.13 0.12 0.10 0.05
0.10*

0.09

N— gram, 0.39 0.40 0.34 0.26 0.42 0.33

'N IOIOX gram, 5.44 4.56 3.90 3.02 4.12 3.20

oi uotpBay; i ^go.
jA«ja ogioadg 1 CO CO t-J w CO 0« rt» 10 lO "X^l

'atanioA
.. to 00 VO CO CO 0
^ 0 00 CO d <N

rH ^ ^

*o>x»a 1907

Oct.

29 30 31

Nov.

1 4 5



TABLE

4.

COMPOSITION

OF

TJRINB

AFTER

COMPLETE

THyROIDECTOMT.

Dog

10:

Cfla-nd^

xocre

removed

from

a

dog

of
I4
kilos,

March

28.

230 Thyroid and Metabolism

& .a I
g-2-9 .

S’3 'HO c3 cjO o gS » .2 «
, ^ 'O TJ+ to ^
M 2 ^ -
b ^ a

a
o CO o
XJ >

o .3 8 ^
O C3 .3

o3

8
d
d*

p ^
. s
U 04
<u Cl
M ^

n d
.2 'c 'c

’N pp® TOe*o
•yuwjsd

•M ajoiatJiiv
per

ceji<.

0.3 1.6 0.2

‘M “H«<I 1 »-s CO Oi «
^ (N d d d d d
p.

•>I pTOO OUfl
cram-

0.024 trace 0.007 trace

. CO 00 r-l rt)

B <N 10 0
*jN ntojnBjjy

•

$00 0
« d d d

•K uun^
ffram.

0.145 0.023 0.021 0.025 0.015 0.013

•N vnox gram.

6.88 3.51 6.21 2.29 5.41 3.60 4.79

'ontn^T]
0^ 001)000^ ^ ^ ^ ^ ^

d cu

•A^i.viwa ogpadg i,(NtN OtN-ooco^4040 40 CO-^rJ^iO

•oranio^
. 05 CO CO 40 CO 0 0
Hcoco (N 00 CO 00 a>

*-( i-l rS

00 Q
^ 9

2 g.

P P

Ol CO

O O O

iO o
ci T-i »H

iH iH
i-< CO rW000

t>. CO CO
10 O 00

CO O 00

^ Xj ^ ^
OJ

*0 "

CO O O CO
40 Tj< lO 10

40 CD
c\ a



Frank P. Underhill and Tadasu Saiki 231

3 O 2
S-i

1 ">
Q ^

Sll
s & S

2 .2

^ 2
§)-a s

© So

J
-SS '

H

^ .2 ®
^ 5 §c ^ c3

^ c3 B
O T3 p



232 Thyroid and Metabolism

The most significant change apparent in the distribution of

the urinary substances determined is the increased ratio of nitro-

gen in the form of ammonia. This cannot be entirely accounted

for by the condition of partial or complete inanition since the

increase is greater than occurs in the latter conditions.^ More-

over, feeding does not affect this ratio as may be seen from Table

3 where the percentage of ammonia is as high after the intake

of food as it is in Table i where the animal was fasting. It is

therefore probable that a corresponding decrease in the output of

urea occurred. Whether any relationship exists between the

increased output of ammonia and the practically constant posi-

tive test for diacetic acid was not determined. An interesting

feature with respect to the extirpation of the glands in the pres-

ent experiments is the almost invariable alkalinity of the urine

for a few days following the operation. While this work was in

progress a paper appeared by Coronedi and Luzzatto^ in which it

was shown that the urine is alkaline after thyroidectomy owing

to an increased output of ammonia. These conditions were

entirely independent of diet and were not due to infection from

catheterization. Our own experiments confirm those of Coronedi

and Luzzatto with regard to an increased output of ammonia but

differ in that the urine remains alkaline only for a day or two

although it must be admitted that the acid reaction is never as

strong after thyroidectomy as that usually found associated with

dog’s urine.

The total creatinin excretion is practically the same in the

three animals examined although Dog i weighed twice as much

as Dog 3. Whereas the percentage of nitrogen in the form of

creatinin is fairly constant, that existing as creatin varies widely;

for e.xample, the urine of Dog i contains little or no creatin nitro-

gen while in that of Dog 2 creatin nitrogen is present at times to

the e.xtent of i per cent. The elimination of nitrogen as purin

bodies and allantoin is about the same as the excretion of these sub-

stances noted in the urine of a fasting dog. The few phosphorus

determinations made show a small output, possibly indicating,

‘ Oesterberg and Wolf: Biochcmischc Zcitschrijt, v, p. 304. 1907: Under-

hill and Kleiner: loc. cit., and also cf. Richards and Wallace: This Journal,

iv, p. 179, 1908.

* Coronedi and Luzzatto: Archives ilaliennes de biologic, xlvii, p. 286,

1907.
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when considered with the low purin and allantoin excretion, a

low rate of nuclear disintegration. Sulphur partition in the urine

gives evidences of little change from the normal although the

number of estimations made are too few to draw definite conclu-

sions. According to Ducceschi^ the total and neutral sulphur of

the urine is increased after thyroidectomy which has been inter-

preted as significant of a lowered rate of oxidation.

In cachexia thyreopriva^ pathological changes have .been

observed in certain of the nervous structures and Vassale and
Donaggio^ noted degeneration of the pyramidal tract following

thyroidectomy in dogs. Attendant upon certain acute degenera-

tive diseases of the nervous system Rosenheim^ has shown the

presence of significant quantities of cholin in the blood, cerebro-

spinal system and tissues. The possibility therefore suggested

itself that if thyroidectomy were responsible for degeneration of

nervous structures the presence of cholin in the blood could be
taken as evidence of disturbed nervous metabolism. To test

this possibility two animals were allowed to live after thyroid

extirpation until death seemed imminent when they were chloro-

formed and blood withdrawn from the carotid. Cholin was tested

for by the method outlined by Rosenheim® but the results were
negative.

Certain Aspects of Carbohydrate Metabolism after Complete

Thyroideciomy,

A former communication® from this laboratory corroborated
Scott’s^ demonstration of the ability of the animal body to
utilize large quantities of dextrose subcutaneously introduced.
After doses varying from 5 to 7 grams of dextrose per kilo of body
weight injected hypodermically into dogs only traces reappear
in the urine and then only for the first day or two subsequent to

*Ducceschi: Ibid.y xxvi, p. 209, i8g6.
* Schafer: Text Book of Physiology

,

i, p. 941.
Vassale and Donaggio; Archives italieniics de biologic^ xxvii, p. 129.

1S96.

* Rosenheim; Jonr^ial of Physiologyr xxxv, p. 465, 1906-07.
* Rosenheim: xxxiii, p. 220, 1905-06.

I

Underhill and Closson: This Journal^ ii, p. 117, 1906.
Scott: Journal of Physiology

y

xxxiii, p. 107, 1902.
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the injection. Comparable experiments (see Table 6) have been

carried out upon two dogs after complete thyroidectomy.

The results obtained imder these experimental conditions,

however, present an entirely different degree of utilization of

the sugar introduced. Under normal circumstances little more
than a trace of the dextrose injected is eliminated in the urine,

whereas with Dog 3 almost one-half the quantity introduced

reappeared before the animal died. That this did not represent

the entire quantity which would have been excreted had the animal

lived longer is shown by the observation that the urine found in

the bladder after death possessed strong reducing powers. These

results would appear therefore to indicate a diminished ability

on the part of the body to utilize carbohydrate material, at least

when subcutaneously introduced. The lack of utilization may be

regarded as a lessened power of oxidation or glycolysis, or as a

decreased ability to transform dextrose into glycogen.

An experiment was performed to test the latter hypothesis, the

details of which follow; A dog of 10.2 kilos was allowed to fast

for one week and then complete thyroidectomy was performed.

On the two following days 40 grams of dextrose (80 grams in all)

were injected subcutaneously. The animal was killed next day

with chloroform and glycogen determinations were made on the

liver. The urine contained 1.6 gram of dextrose. The liver

weighed 261 grams and contained 0.43 gram glycogen. A control

experiment with a normal dog, after a like period of inanition and

a similar injection of dextrose yielded 0.64 gram glycogen in a

liver weighing 270 grams. The quantities of glycogen obtained

in the two cases force one to the conclusion that complete thyroi-

dectomy does not appreciably reduce the glycogenic function of

the animal body. A lessened oxidative or glycolytic activity sub-

sequent to complete extirpation of the thyroids would therefore

appear to be indicated. This assumption is in harmony with the

observations of Magnus-Levy^ who has shown that the respira-

tory quotient is low in myxoedema and cretinism, and is high in

Basedow’s disease and after feeding thyroid preparations to nor-

mal man.

‘ Magnus-Levy: Zeitschrijt jiir klinische Mcdizin, x.xxiii, p. 269, 1S97,

and 1.x, p. 177, 1906.
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The Composition of the Urine of Normal Dogs after Thyroid Feeding.

As a consequence of the large number of investigations* that

have been carried out with thyroid feeding both with normal man
and animals the idea has gradually been evolved that the thyroid

gland acts as a stimulus to protein catabolism. In experiments

with animals Roos' and Voit^ in particular have been largely

responsible for the theory as to this mode of action of the thyroid

on metabolism. In their investigations it was impossible to

maintain animals in nitrogenous equilibrum, more nitrogen being

eliminated than was introduced. Schondorff* obtained similar

results but offered the explanation that the increased nitrogen

output was due to an increased excretion of urea and other extrac-

tives present in the body fluids. According to this author pro-

tein in the body is not attacked if sufficient fat is present. The

more recent work of Schryver® demonstrating the influence of

thyroid feeding upon autolytic processes in the liver would tend to

corroborate the view that thyroid feeding has a stimulating action

upon catabolic processes although Wells® failed to get evidence

of such an action when thyroid extract was directly added to liver

pulp.

The experiments here recorded were made with two bitches fed

upon a standard diet composed of meat, cracker meal and lard

with a definite volume of water. The animals received this diet

several days previous to the beginning of the experiment and were

practically in nitrogenous equilibrium. Different quantities of

thyroid were added to the standard diet at intervals and the influ-

ence of this administration upon the composition of the urine

is shown in Tables 7 and 8.

From these tables it is readily seen that urinary nitrogen excre-

tion is but little influenced by thyroid feeding. When thyroid

^ A review of the literature is given by Andersson and Bcrgmann: 5ka)u
dinavischcs Archiv fur Physiologic viii, p. 326, 189 7-9 S. The literature

is brought up to date by von Noorden, loc, cit.

^Roos: Zeitschrift fur physiologiscJte Chemie, xxl, p. 19, 1895-96; xxv,

p. I, and p. 242, 1898; xxvii, p. 40, 1899.

3 Voit: Zeitschrift fur Biologic, xxxv, p. ii6, 1897.

^Schbndorff: Archiv fur die gcsammte Physiologic, Ixvii, p. 395, 1S97.

^Schryver: Journal of Physiology, xxxii, p. 159, 1905.

« Wells: Amcrical Journal of Physiology, xi, p, 351. 1904.



Frank P. Underhill and Tadasu Saiki 237

REMARKS.

Body

weight

=>8.0

kilos.

Standard

diet.

N
in

food

=*6.0

gins.

it

ii

Standard

Diet

+
5
gms

thyroid.

N
in

food

=

6,6

gms.

ti

a

4t

li

a

a

fi

a

(4

a

a

It

Standard

diet.

N
in

food

=

60

gms,

it

it

ti

a

,

//

//

it

it

Standard

diet

+
20

gms.

thyroid.

+
10

cc.

HjO

(extra).

N
in

food

=

8.5

gms.

a

it

«

it

"M
1

oio COO Ci'fOOOCJiO O’^CNOCO O3C0
doj CM CM .-(MCMfNCMMCM MCICM^CM OiCl

*N Q!ui)i;3I0

paioiojsjfj

0*0 OCO •^.-hOO»-iO'-h 1-1 'C3

diH ^ 1—

1

1—ti—If—«t—)i— * *—If— 1—1 o
niQI)KdJ3 !

\noL
dO OC33 coot^r^i'-cRO oc^
RtII coco COCOCOCOCOCOCO -^cocococo -^co

'N“!o?aBiiv
d05 i-H'^ C:5COC'J<Ni-tOO Oi-iCOCICi CICO
df-H OCM C10i-tiOOCOi-i OC'JOWO CMC^

•N “Pnj
dOO OO C0 1-»-<W*'i<i-l'^ CMCOC'lOO
dr-t oo oooodoi-i oodcMCN do

'N—^HN
do COO r-i-ioi^r-t^o i-^Oc5’^''^< i-ioo

dec COCO COCOCOCOCOCOCO '^'^CO'^'^ -^ico

•d

.O OCM OOCOCOOOt^ OCO
geo coo* COCOCOCOCOCOCI CMCMWOlCO coco

oo ooooooo ooooo oo
N n!)t33J3

.CO COCOr>-C»00000 t^CMOOW oo
gi-H ^T-( f— If— 1—Ii—

^d do ooodooo ooooo do
anii;B3J3
p3lIU0J3J(|

.CO csco ocot^'r^cor-i^ coooh-oDoo ooogo oo i-tOOOOOO ooooo oo
’^d do odddooo ooooo od

•N
nianBaia ib;ox

.f-H f-tco coo-t*oor^co coooscoo
gc^ CMW C^CMCMC^ICMCMIN WCMi-li-tCl CQW
^d do ddodooo doooo od

‘K uio^aBiiv

o C>-i< 0 <NCOl^-^ OOOOWOO Wcf
• o h-'i* COCM0010C01*C'1 C0i-('rf*0'^ OO
Si-I Wr-I i-tOOCO->i*CM'-l 0*-<000 r-lt-t

o oo ooooooo ooooo oo
'N

O OOiOOOC^OTt* OOw-^O oo
.iO coco i-iOi-Hi-ICOOO i^CMt-hOMSo oo oooooi-ho oooi—i»-( oo
Ck • " • .... . • , . . . ,o oo ooooooo ooooo oo

*N—
.O OOi-H OCOOICOOCO di-HclCO-^l* CMCM
gi-i »-tCM (NOICMCMCMC^CM WC'lWCMCM COCO
*^o oo ooooooo ooooo oo

'N

.O COlO OC-COCOOOCM C0‘C“i-tOCM COCO
gCM COOO COCM-rC^OOOOCO iOi-iiOCM'^ OCO
'^lo U50 0^-00000 OOOOlO r-co

‘enm^Ti

d

'^^lABia ogwadg IcM WOl OC^OO'«i<OCO •^OOOtHOo oo OOOOO'M^O ooooco co-o*

•amnio^ cc. 105 114
95

115 140 121 115 132 140 no 105
85 87

105 188
260, 1951

•a;BQ
190S.

Feb.

10 11 13 14 15 16 19 20 21 22 23 24 25 26

1



TABLE

7
—

CONTINUED.

238 Thyroid and Metabolism

REMARKB.

^
0)

Cj

C
cJ

m

12

i t
®= = = s

+
II

0 TJ

°
2 : 5 "H

a, cj
rg

fZ; §
Sq

+
10

cc.

water

(extra).

N
in

food

=

12.33

gms.

Standard

diet.

CQ

E

0 ^ ^

d
II 0̂

Q
5 »h

.3 'S

^ 5m

CO

p
CD

0

•n
0
0
«n

a
• rH

m
0

3
CO

!l

'S)
*53

>»
na
0
«

0 t> 0> 05 0 10 CO 10 0
*W uiui-jRaaf)

a (N Cq i-H r-4 rH 04 (N rH 04

•M" UrUIlRSJO 0 CO U3 lO 0 CO CD 10

PDUIJOJOJJ ti d tH r—4 rH rH rH rH rH rH

uium?ajo 0 CO rH CO ^ 00 04 rH

biox fi CO Tt< CO CO CO 04 00 Tt< CO CO

0 0 CO CO 04 CO 04 tr IC
UIO^URIIV

a f-h i-< 0 <N 04 rH 04 CO

• U" nunj 0 iO 00 iC 10

a d d d d d d d d 0
KT SrTkT 0 CO 05 10 CD CO i> T^^ rH

a CO CO CO CO Tt< CO CO d CO

. lb 1-H -rti <35 N.
—

*d 1 <N <N (N (N <N CO 04 04 04 04

^ 0 d 0 d d d d d d d
. 0 05 05 05 cD t> CO 00 rH

rW 0 0 0 rH rH rH O
^ 0 d 0 d d d d d d 0
. K* 00 0 05 0 00 C?5

nijuaJO 0000 rH 0 rH 0 0
p3 UlJOJQJX ^ d d d d d d 0 0 d 0

. l> CO CD to CD CD CO CO CD 0
U1UI)R3J3 E (N r-H F-J rH 04 04 04 rH <N
biox '=» d d d d d d d d d d

CO 00 CO 00 10 00 CO 0 04
10 rH <M rH 00 10 CJ5

E 0 0 0 rH OJ 0 04 rH

d d d d d d 0 d d
0 ^ TJ< CD 04 0 10 CO

(N (M CO CO CO CO 04
‘K «FJnx E 0

ta »

0 00 0 0000
o_ d d d 0 d d d d

. oi tr tr 0 U5 0 rH rH 0
*N— i ^ rH rH <N CO CO 04 04 04

d 0 d d d d d d d
. 0 0 CO rs 05 CO rH CO 00

•N mox S CD to 10 CO i> CD 0 CO

^ 00 lO 05 0 CD 10 10

*sniuit|
r2

oj uoijo^ou ^ « c: ^ ^ ^ C!

rt

1 CJ CO 0 0 CO 04 05 0 CO CO
•A^pvTjja oytoods 0 LO

>~i
10 10 10 »o 0 >F}< 10 10 10

. C<l 10 0 lO 05 04 CO 10
*auin|o^

5j JO rH 0 05 CO
rH rH

0
rH

CO 01 CO 05
rH rH

00 05 rH (M CO 10 CD 4^
05 04

Q%\ja 1 d >
0

pS J2;



TADLE

8.

COilPOSITIO.N-

OF

OUIN'E

AFTEIt

TKVnOID

FEEDINO.

Dog

S

Frank P. Underhill and Tadasu Saiki 239

to
<0

o ,Sa
o

II

'a
o
»2 •

.S

^2;

- +g

T3 ^

U>

<0 >.

a

'tj

Si ^

*T>

d
c: =

T3 o
d o
T3
o ®
2 w

to

•

Cl .s -
»-t 1^3

:

^ *2

I
•T3 ^

'ta«
•tj
T3
c:

s
w “

-j"

o

*§
.£

S S
to to

O 00

C>

a a

T3 na
o o
.2^
c c o

^ ^ f
fO

^ ^ ^
.2 ,2

''5 ®
*t3 na g
Cj CJ ^
T3 'tJ ^
c; a O
S 2 ^

3
O
,3

. C
i § =
,

v»^ 4^
i ^ .2
.2 ^5

J2!; o
a

. o

'K ai}®^^0
j

'^~~ "iooco iocociiooofh ca«o»-<c^ 0
X CS-i-hO r-l»-«f-fOF-40 OOr-l<--«

']^ftnai^«a-r3
(

padiJOjaJd
j

0' 03 03 •-( ^ 00 ^ a r-4 C'-F-lOr- CO

a r-tr-lFlMciM ^ ^ r-4 f-H CO

'^amiiBaJJ lo ^OO OaOOt'-OCi ^oot^ci co

i^ox la w ci (N (M CO CO M CO c> oi fw (N w co

1 mojOBiiV
. «o
w Wt^OCO^OO CO»“<«tCO

OOOf-IOi-I 0<—(O0r-( *4

|v C^C^OO t^*0< r-i Pi 03 K) r^t^ooo 00
H 000 OC>Or-»»-lF-« r-fCOCOCO 04

i ‘ii-^Hti
1

1 t

"u “t'-OO OCl^'rrOO MOOOC5 cO

a cod^d^ iococo»t<‘*<<»^i lO'o^coc'J co
}_ —

a
Ui 03 PJ CO CO *-<0r#<0 K

g 0 OCv.C*iO CO OO'flO CO

^ 0 F-t 1-i 0 0 0 cri CD 0 0
uit«a40

. lOo*" cor» 0 coc-F-< ooco*-iw3 0
ff 000 ®
^ CDOO 000000 0000 0

paoubja^x

- ciot^ or^oooco ^
S »-4i«<CO»-*i-*F-< Cl«— f-J

doo cDodddd ddcDO d
urui)^j3
IBJOX

t>-COd< l>.t<0 00*^ 0 04 1^0 0
s COCO^^S ^HCOf-* C0C4C1C^ C4

odd d d 0 d d 0 d d d d d

'Mopju^HV
0 cooooo-^ coodo CO

^ u cor>-*-<o-7<QO CICOWCO i>-a 00 0 000 CO»-HOO--< 0dodddd ddd'd d

j

'N aM«J
C'4oo 00 0 0-7<0 O'^cod «5

ti r> C^J M CO *3* Cl 0 -O* 0 JN 0 W CD 0a 000 OOOOt-io ClrriCOCO rn

odd ddodod dddd d
1

. CIOCO OOCIf-4UO*-« iTi 03 Oi 03 0
^

'^OOCO t^O^COCOCO O'T'COCl CJdod ododdo dddd d
1

j

‘N

'"3<COO .coco 0 —IJN. COC3CDi-< CO
^ WCOO t^O^^^CJCOr^ -rF-^OO 03

B ^ 03 CO ^dodt^o Cl Cl 00 10

j

’snm]({

;
04 uouacaij w =3 Cj CJ

1 . ._ _ _

i i2St2 ‘*'5**'^ ooo<^ ^ro*T ro ^ ^ 't*

I

-ausTiio^^ ti £i 2 0 0 0 m CO i-o do d ‘o 0
^ £21222'^^^*'^ 00 cii'^oo

- C“4 Cl Cl "3» 04 "3* ^ CO C» CJ iT*

j

'»>«U
t,: !!! t2 2 ^ CO 0"^ 1 -* ».o o h«. oo
g ^ F-* F-I

J4
Cl Cl Cl 01 Cl d 01 Cl

c
:3
->



240 Thyroid and Metabolism

is first fed the nitrogen excretion in the urine may exceed the

quantity introduced into the body but this influence is apparently
soon lost on cessation of thyroid administration. A small dose

(5 grams) appears to exert as great an influence upon nitrogen

excretion as a much larger quantity.

Unlike the results obtained with thyroidectomized animals

no change occurs in the elimination of ammonia nitrogen. With
small doses of thyroid the output of purin and allantoin nitrogen

is variable but after continued large doses the quantity of purin

nitrogen is largely increased. Allantoin nitrogen is extremely

variable and appears to bear little relation to thyroid intake or

purin excretion. The phosphorus excretion is low. The elimi-

nation of creatinin is scarcely affected by thyroid feeding. Crea-

tin was a constant constituent of the urine of both dogs. Indeed

in Dog 9, Table 7, the nitrogen existing in this form is in excess of

that in the form of creatinin. Reducing substances were never

present in the urine. Thyroid feeding, therefore, whether in

small or large doses, single or repeated has little influence in chang-

ing the ratios normally existing between the urinary nitrogenous

constituents. Our experiences with thyroid feeding impresses

us that the action of this gland on protein catabolism should not

be over-emphasized, but that more attention should be directed

toward ascertaining the influence of the thyroid on the metabo-

lism of the carbohydrates and fats, and especially its relation to

various inorganic^ constituents of the body.

SUMMARY.

After complete thyroidectomy (and parathyroidectomy.^) in

dogs the antinonia output in the urine is increased, even beyond

what is observed in starving animals.

The urinary nitrogen eliminated as creatinin, purin bodies

and allantoin is about equal in amount to what has been noted in

fasting dogs.

As in normal fasting dogs a variable and frequently not incon-

siderable output of creatin was observed.

Thyroidectomized dogs are incapable of utilising subcutane-

ously introduced dextrose in anywhere near the same degree as

‘ MacCallutn and Voegtiin: loc. cit.
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normal animals. It is thus suggested that the loss of the glands

may occasion a change in the gaseous metabolism similar to what

has been observed in myxoedema, cretinism, etc.

Thyroid tissue fed to normal dogs causes a slight increase in

urinary nitrogen excretion. This influence soon disappears on

cessation of thyroid administration. Small doses of thyroid

appear to have as pronounced an influence upon the nitrogen

elimination as larger ones.

A larger output of purin-nitrogen and a low output of phos-

phorus were observed after the continued administration of large

doses of thyroid tissue.

Thyroid feeding produces Utile change in the interrelation of the

nitrogenous urinary constituents. This is in harmony with the

accumulating evidence that these relationships are upset only

by exceptionally profound disturbances in the nutrition of the

cells.^

' Jackson and Pearce: Journal of Experimental Medicuie^ ix, p. 552,

1907; Underhill and Kleiner; loc. cit.\ Richards and Wallace; loc. cit.





ON A GLOBULIN FROM THE EGG YOLK OF THE SPINY

DOG-FISH, SQHALUS ACANTHIAS L.

Bv C. L. ALSBERG and E. D. CLARK.

(From tJie United States Fisheries Laboratory at Woods Hole, a'nd the Depart-

meitt of Biological Chemistry of the Harvard Medical School.)

(Received for publication, July 6, 1908.)

The yolk of the hen*s egg contains a great deal of an iron-con-

taining phosphoprotein with the physical properties of a globu-

lin, known as ovovitellin. It has been repeatedly made the

subject of investigation.^ The only other vitellins that have

been studied were obtained from the eggs of teleost fishes. A
study of the vitellins from other classes of animals seems desir-

able because it might conceivably throw light upon some of the

processes which go on in the yolk during development. It seems

that vitellin has the important fimctions of furnishing iron^ and
pyrroP for the hsemoglobin formation, as well as some of the

phosphorus needed for growth. Even among the vitellins of a
single class, the teleosts, there seem to be considerable differences.

The vitellin of the carp*s egg is a glycoprotein yielding a reducing

substance on hydrolysis. It also contains phophorus and iron.^

The vitellins obtained by Levene® from cod-fish eggs and by
Hammarsten*^ from perch eggs did not yield a reducing substance.

It is therefore not without interest to investigate the egg
of a selachian as to its vitellin, particularly one that is viviparous
as is Sqiialiis acanthias. It is conceivable that the carrying of
the eggs by the female may affect the composition of the yolk
even when there is no true placentation.

^ Cf. Hammarsten: Text-Book, pp. 503-504, 1908.
* Bunge: Zciischr. f. physiol. Chem., ix. p. 49,
* Levene and Alsberg: This JonrnaU n, p. 133.
* Walter: Zcitschr. f. physiol. Chem., xv.
* Levene: Ibid., xxxii.
* Hammarsten: Arch. f. Physiol., xvii.
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244 Globulin from Egg Yolk of Squalus Acanthias

The eggs of this species are quite round and about 2.5 cm. in

diameter. The membrane is elastic and when it is ruptured the

yolk flows out as a slightly yellowish cream much thinner than
the yolk of the hen’s egg. The yolk was mixed with an equal

volvime of 10 per cent sodium chloride solution and extracted

with ether in a separatory funnel until but little fat passed into

the ether.* It was then precipitated by dilution with water and
the precipitate allowed to settle. In a few hours the water was

siphoned off and the white precipitate centrifugated fron) the

remainder of the solution. Centrifugation is much to be pre-

ferred to filtration in dealing with vitellins, for the time consumed

is much shortened and the loss as the result of the substance

becoming insoluble upon the filter much diminished. The pre-

cipitate is then redissolved in 10 per cent sodium chloride and

filtered. The filtrate is reprecipitated by dilution and washed by

decantation with ether-water until the latter is free from chlorides

and biuret giving substances. It is then collected on a filter,

washed with alcohol, transferred to a boiling flask with reflux

condenser and boiled out with alcohol many times. Only slowly

and after a long time is all the alcohol-soluble material removed.

It is then boiled out with ether, and dried in vacuo over sulphuric

acid at 70° C. The yield from a relatively small amount of yolk

was very considerable.

The material thus obtained is a more or less yellowish or

brownish white powder giving the biuret reaction and a distinct,

though weak, Hopldns-Cole reaction for tryptophan. Millon's

reaction is exceedingly weak or possibly negative. It differs

therefore markedly as regards the protein color reactions from

vitellin. The orcin and Molisch reactions are negative. On

hydrolysis with mineral acid it does not yield a reducing sub-

stance, resembling in this respect the majority of the vitellins.

On boiling with alkaline lead solution it gives a very faint

blackening of the solution, though the material itself as it passes

into solution turns black. The fresh material is soluble in

dilute salt solutions, insoluble in water. Its precipitation limits

as well as its coagulation temperature were not determined. We

have therefore no guarantee that we are not determined. We

mixture of two or more globulins.

‘ Levene and Alsberg: Zchschr. f. physiol. Chew., sxl
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On analysis it yields the following results;

PREPARATION J.

0.2117 gm. gave 3.40 cc. dry N at 768 mm. and 21® : N — 16.85 per cent.

0.2280 gm. gave 0.4240 gm. C02aiid 0.1450 gm. H^O: C = 50.72 per cent.

H =7.12 per cent.

PREPARATION II.

0.1756 gm. gave 25.05 cc. dry N at 758 mm. and 20® : N" « 16.58 per cent.

0.1S84 gm. gave 0.3471 gm. CO, and 0.1219 gm. H,0: C = 50.25 per cent.

H = 7.24 per cent.

0.5515 gm. gave 0.0388 gm. BaSO*: S == 0.914 per cent.

(Determination by fusion with sodium peroxide according to Folin.)

PREPARATION III.

0.1965 gm. gave 27.90 cc. dry N at 772 mm. and 19*^
: N = 16.86 per cent.

0.1886 gm. gave 0.1200 gm. H^O: H =7.12 per cent (COj determination

was lost).

0.2143 gm. gave 0.0032 gm. ash: Ash = 1.88 per cent.

As only one ash determination was done, none of the above

analyses are calculated for the ash-free substance. The ashing

was done in platinum and the ash was a fusible one of a slightly

brownish color. Treated with hot hydrochloric acid it did not

apparently dissolve and in the hydrochloric acid extract no

phosphorus and only the merest trace of iron (potassium sulpho-

cyanide) could be discovered. To confirm the absence of phos-

phorus the substance was repeatedly decomposed by boiling

with concentrated nitric acid and this element searched for among
the decomposition products. Finally 0.2 gram were fused in

silver with sodium hydroxide and potassium nitrate, the fusion

mass dissolved, acidified with nitric acid, enough ammonium
nitrate added to make 15 per cent and ammonium molybdate
added. Not a trace of ammonium phosphomolybdate precipi-

tated though the solution was finally concentrated and stood for
many days. Plainly phosphorus is absent in our preparations.
The iron content, judging by the qualitative tests, is so exceed-
ingly slight that it is doubtful whether it is really a component or
an accidental contamination.

To confirm the absence of phosphorus and perhaps clear up the
question as to the occurrence of iron, an attempt was made to
prepare hajmatogen, in which the iron and phosphorus if present
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ought to be concentrated. About 4 grains of the material were

suspended in 200 cc. of artificial gastric juice and digested at

40° C. for 40 hours. The material went almost completely into

solution and at the end of the digestion only an exceedingly

small amount of sediment was present. Further digestion did

not increase it. It was collected on an ash-free filter washed with

water and alcohol and ashed. There was less than 10 mg. of

ash which was completely soluble in hydrochloric acid but con-

tained no phosphorus. It did, however, contain a little iron, in

fact considerably more than the original material. Still even

here the amount was very small. Plainly our globulin differs

from vitellin in not yielding a phosphorus-rich hasmatogen, and it

is doubtful whether it contains iron in its molecule.

As all our preparations were made from a single batch of eggs,

we can not be sure that some disturbing factors did not affect our

preparations; however, this seems very improbable. Almost cer-

tainly the eggs of Squalm acanthias contain no vitellin in the

strict sense of the word ; but in its place a globulin or a mixture of

them, containing no phosphorus and perhaps no iron. It is,

so far as we are aware, the only vertebrate egg in which this has

been found to be the case. It would be interesting to investi-

gate whether there is any relation to the fact that Acanthias

is viviparous. This might easily be done by comparison with

other viviparous and oviparous species of selachians. It would

also be interesting to see whether the acanthias egg contains any

considerable amount of iron, and if so, in what form. A similar

investigation of the phophorus would also be worth while.



CHEMICAL EVIDENCE OF PEPTONIZATION IN RAW AND
PASTEURIZED MILK.

By RACHEL H. COLWELL and H. C. SHERMAN.

{Contributions from the Havemeyer Laboratories of Columbia University

,

No. I57-)

(Received for publication, July 13, igo8.)

It is well-known that milk which has been heated to a sufficient

temperature to destroy most of the acid-forming bacteriamay
still contain putrefactive or “peptoniring” organisms and it has

been suggested that this may constitute an objection to the pas-

teurization of milk as a preservative measime since the latter

forms may grow more readily after destruction of the former

and the absence of a sour odor or taste may result in the milk

being used as food after objectionable products have been formed

by the action of these putrefactive or peptonizing** bacteria

upon the milk proteids. On the other hand, it is held by some
bacteriologists that the danger from this source is comparatively

unimportant, the common proteolytic bacteria being largely ren-

dered inert by the heating.

In the belief that the bacterial decomposition of proteins in

milk might perhaps be measured by means of the ammonia pro-

duced, a method for the determination of ammonia was adapted
to milk and a somewhat extended study of the development of

ammonia in raw, chemically preserved, and pasteurized milk
was carried out in this laboratory.^ In the last and most sys-

tematic of these series of experiments, ten samples representing
the milk sold by six different dealers were taken at intervals dur-
ing a period of two months, February to April, 1907. Each of

' Berg and Sherman: The Determination of Ammonia in Milk, Jourit.
Anicr. Chcm. Soc., .Txvii. p. 124; Sherman, Berg, Cohen and Whitman:
Ammonia in ililk and its Development during Proteolysis under the Influ-
ence of Strong Antiseptics, this Journal, iii, p. 17 1; Whitman and Sher-
man: The Effect of Pasteurization upon the Development of Ammonia
in Milk, Journ. Amcr. Ctiem. Soc., xxx, p. 12SS.
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these samples was mixed and divided into three portions, one of

which was kept raw, one pasteurized at 65° C. and one at 85° C„
after which all were brought to a temperature of 15° to 20° C. and
examined regularly after standing for two, four and seven days.

From the results of these experiments which are given in full

elsewhere^ it appeared that the pasteurization was less efficient in

checking the development of ammonia than in checking the pro-

duction of acid and this was especially true of the milk pasteur-

ized at the higher temperature (85° C.) which before becoming

sour often showed an amount of ammonia considerably in excess

of that contained in unpasteurized milk of the same age and ori-

gin. It was found, however, that the determination of ammonia
in milk cannot serve as an exact measure of the extent of protein

decomposition in all cases, since in raw milk there was often, and

in milk pasteurized at 65° C. there was sometimes, a decrease in

the ammonia content between the fourth and the seventh days.

In addition to the ammonia determinations each sample was reg-

ularly examined as to odor and taste and it was found that the

samples kept raw always developed within a few days a sour

taste and an odor which was always sour, sometimes “musty”

or “cheesy,” but never putrid or offensive, while the samples

which had been pasteurized, especially at the higher tempera-

ture, frequentlydeveloped an offensive, putrid odor and a bitter

taste. The occurrence of bitter tastes in the milk pasteurized

at the higher temperatures, together with the observation that

the ammonia content could not serve as a strictly quantitative

means of comparing the decomposition of protein in raw and pas-

teurized milk, suggested the desirability of supplementing the

study of the ammonia content by comparative tests for peptone

in samples kept raw and after pasteurization at different tem-

peratures.

EXPERI.MENTAL.

During April and May, 1908, nine samples representing the

milk of six retail dealers were studied. Each sample was brought

to the laboratory as purchased, mixed and divided (in sterile

receptacles rvith precautions against secondary contamination)

into four portions, one of which was kept raw, the others pas-

» Whitman and Sherman: Loc. cit.
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teurized by heating for 20 minutes at 60^^, 75^ and 90° C., respec-

tively. The pasteurized samples were then cooled and all were

allowed to stand at room temperature. After two days, and

usually again after four days standing, the odor was observed,

the acidity determined, and a test was made for peptone. In

testing for peptone, the coagulable protein was first removed,

the proteoses .precipitated by zinc sulphate and an aliquot part

of the filtrate was treated with sodium hydroxide until the zinc

was precipitated and redissolved and was then submitted to the

biuret test. The volume of milk tested and the quantities of re-

agents used having been kept uniform, it is believed that the com-

parative amounts of peptone present are roughlyindicated by the

intensity of the color reactions obtained.

The term “acidity*^ here indicates the number of cubic centi-

meters of tenth-normal sodium hydroxide required to neutralize

10 cc. of milk using phenolphthalein as indicator.

For convenience in comparing the intensity of the biiiret re-

action in the different tests, those in which no reaction was ob-

tained are marked o; those showing a faint reaction, i; those

with distinct reaction, 2; those with strong reaction, 3,

In order to compare the oSensiveness of the odor, the samples

having either no odor or a clean, sour odor are marked o; those

with a slightly musty or very slightly putrid odor, i
;

those

with a musty or slightly putrid odor, 2 ; those with a distinctly

putrid odor, 3.

We are fully aware that no great significance can be attached

to numerical expressions of the apparent intensity of a biuret color

and still less to that of an odor, and have used these numerals
only for convenience of comparison and summation.

It is also recognized that the conditions of our experiments
differ from those of commercial pasteurization. On the one
hand the temperature at which and time during which our sam-
ples were allowed to stand after pasteurization may be somewhat
excessive, although the ordinary dealer tends to be less careful of
pasteurized than of raw milk. In so far as our conditions are
unusual in this respect they would tend to give a more pro-
nounced result, but there is no reason to suppose that they would
change it otherwise. On the other hand our conditions are more
favorable than those of commercial pasteurization in that any
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subsequent contamination is more effectively precluded. The
work here reported should be only preliminary to a much more
extended study including both chemical and bacteriological ob-

servations on a larger number of samples. Lacking the time

necessary to make such a study we record the results obtained

with the inferences which they suggest in the hope that others

may continue the investigation.

The results obtained from these experiments are tabulated

below.

While the individual samples show wide variations the general

bearing of the results may be summarized as follows:

Pasteurization at 6o° appears to have restrained peptoniza-

tion to about the same extent that it restrained souring. It

apparently had no constant effect in rendering the milk either

more or less liable than raw milk to the development of offensive

odors.

Pasteurization at the higher temperatures (75° and 90°) de-

layed souring to a much greater extent and had less restraining

effect upon peptonization. The samples pasteurized at 75° and

90° developed much more offensive odors than those of the same

origin pasteurized at 60° or not at all.

While the development of an offensive putrid odor does not

necessarily run parallel either with the ammonia content or with

the intensity of the biuret reaction, and while it is evidently

incapable of exact measurement it must be regarded as of

considerable sanitary significance, since it indicates the pre-

dominance of an objectionable type of change.

The results of this investigation together with that of the effect

of pasteurization upon the development of ammonia in milk tend

to emphasize from the standpoint of the subsequent chemical

changes the desirability of low temperatures as recommended bj-

Rosenau and others, in pasteurizing milk when necessary as a

safeguard against infectious diseases, and the objectionableness

of depending upon pasteurization as a preservative measure.

The importance of keeping milk cold and consuming it quickly

are apparently not diminished by its pasteurization even under

conditions so favorable as to preclude subsequent contamination.







A PRELCSHNARY STUDY OF THE SENSITIZING PORTION OF
EGG-WHITE.

By MARY F. LEACH.

(Western College, Oxford, Ohio.)

(Received for publication, July 33, 1908,)

This work was luidertaken to supplement some work recently

published upon the corresponding portion of the cell substance of

the colon bacillus, ^ and upon the effects of egg-white and its split

products on animals.^ For some years past researches have

been in progress in the Hygienic Laboratory of the University

of Michigan upon the bacterial cell, its chemical and physio-

logical nature.^

It has been found that by prolonged treatment of the bacterial

cell substance with an alcoholic solution of caustic soda, a viru-

lent poison is dissolved out by the alcohol, while in the case of the

colon and typhoid bacillus, the part insoluble in alcohol confers

immunity to its homologous bacterium. Subjecting egg-white

to the same process, it is similarly separated into a soluble por-

tion, which though harmless administered per os, is promptly fatal

when injected intraperitoneally or intravenously, and an insoluble

portion which is not poisonous. It is certainly interesting that

a given protein taken into the circulation by way of the ordinary

processes of digestion serves to build up the body of the animal
and to enable it to carry on its vital processes; while that same
protein introduced directly into the circulation can not be thus
utilized. A single injection of egg-white has no apparent effect,

a second dose within a few days is also well borne, but a second
dose after an interval of ten or more days is promptly fatal ; thus
showing that the first dose has produced sensitization. Now

'Leach: On the Chemistry of Bacillus CoU Communis, This Journal,
iii. p. 443. '907-

2 Vaughan and Wheeler: Jonrn. of Infect. Diseases, iv, p. 476, 1907,
’ For bibliography, sec preceding reference.
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the non-poisonous portion of egg-white sensitizes an animal to

®§g"White, but not to itself. Thus bacterial cell substance may
be separated into poison and immunizing portion, and egg-white

by the same method yields poison and sensitizing portion.

Material. The whites of fresh eggs were poured into 96 per

cent alcohol, the precipitate repeatedly extracted with alcohol,

dried upon filter paper, pulverized, thoroughly extracted with

ether, again dried and pulverized. After standing in the labora-

tory for some months, the egg-white thus prepared was boiled

with absolute alcohol containing sodium hydroxide according to

the method used for bacterial and other proteins.' This treat-

ment was repeated three times, experience with other proteins

having shown that this is necessary to remove all the poison. The

insoluble portion was extracted with alcohol in Soxhiets for

three and a half days to thoroughly wash it free from poison and

other alcohol-soluble substances. After drying and pulveriz-

ing, it is a cream colored powder very similar in appearance to the

egg-white from which it was obtained. The poisonous portion,

obtained from the alcoholic solution as described in the preceding

reference, is a dark brown solid, difficult to dry sufficiently to pul-

verize it. Both poisonous and non-poisonous fractions give the

various protein color reactions, but show striking chemical differ-

ences without further purification. The poisonous portion gives

a very pronounced Millon test, gives no evidence of carbohydrate,

and contains only traces of phosphorus. The non-poisonous frac-

tion gives only a faint Millon reaction, but responds to carbohy-

drate tests, and contains a considerable amount of phosphorus.

These same distinctions have been found in splitting up other

proteins by this method.

This preparation of egg-white is markedly hygroscopic, and the

split products are still more so. However two to four weeks

drying in an oven not above 103° sufficed to bring them to

constant weight. Two samples were cooled in the same desic-

cator, weighed, returned to the desiccator and weighed again in

the same order. Both had gained more at the second weighing

than they had lost since the preceding day. On a rainy day sani-

» Wheeler: The Extraction of the Intracellular To.xin of the Colon

Bacillus, Journ. of the Amer. Med. Assoc,, xliv, p. 1371, 1905.
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pies would absorb more water during the process of weighing than

they had lost in the previous twenty-four hours.

Ash, nitrogen, phosphorus, sulphnr. For purposes of compari-

son, ash, nitrogen, phosphorus and sulphur were determined in

this preparation of egg-white and the two products obtained

therefrom. All determinations were made in duplicate, and the

figures given are the averages of closely agreeing determinations.

Ash was determined by incinerating to low redness in a platinum

crucible, taking pains to avoid volatilizing inorganic matter.

Since the phosphorus is originally in organic combination, and is

present in the ash as orthophosphate, an amount of PO^ is deducted

corresponding to the amount of phosphorus present, giving results

tabulated as inorganic ash in the second column of the following

table, and these results were used in calculating percentages

**ash free.” Nitrogen was determined by the Kjeldahl-Gunning

method, and phosphorus by the Neumann method with modifi-

cations.^ Sulphur determinations were made by fusion with

sodium hydroxide and nitrate, and precipitation by addition of

hot barium chloride drop by drop. Of course the figures obtained

do not correspond with analyses of purified products, such as

ovalbumin, ovimucoid, or even of untreated egg-white; but they

are of more value in tracing the physiological units than if sub-

jected to further treatment. However the results for egg-white

show nitrogen content not far removed from figures for other

preparations, but the sulphur is somewhat higher than has been
found even in ovimucoid (2.2 per cent).^ Still it is not unreason-
able to suppose that the long continued action of alcohol and
ether would give rise to changes aside from those incident to the
process of denaturalization. While many observers seem to have
ignored the phosphorus in egg-white, Osborne and CampbelP
found in their four purest preparations of crystallized ovalbumin
amounts of phosphorus varying from 0.126 per cent to 0.131 per
cent. Certain data in regard to the colon bacillus are appended
to the table.

^ For further details, see paper previously cited On the Chemistry of
Bacillus Coli Communis.
^Mdmcr: Zciischr. f. physiol, Chcm,, xviii, p. 525, 1S93.
^ Protein Constituents of Egg-white, Journ, of the Atner. Chem, Soc,.

xxii, p. 422, 1900.
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TABLE I. PERCENTAGES OF ASH, NITROGEN, PHOSPHORUS AND SULFUR.

Aah.
Inor-
ganic
ash.

N. P. S.

i

N ash
i

free,
j

1

Pash!
free.

s
ash
free.

Egg-white 2.48 2.066 14.48 0.135
IQI 14.7 0.138 2.73

Poisonous fraction 1.14 13.74 traces
: 13.9 2.22

Non-poisonous fraction ,

,

13.57 12.8 12.67 0.253 2.79 14,53 0.29 3.2

Bacillus coli communis
Cell substance 8.61 10.65 2.87
Poisonous fraction 2.33

1

11.15 traces

Non-poisonous fraction . 33.25 26.08 5.56 2.34 7.52 3.99

SENSITIZING PORTION.

Comparison with the corresponding fraction of some other

proteins. Edestin, casein, egg-white and the cell substance of

Bacillus coli communis were all subjected to the action of alkali

and alcohol as previously described. The insoluble portion of

each, containing the sensitizing orimmunizing elements, in all cases

gave the various protein color tests, Millon’s reaction less mark-

edly than the others, perhaps because of the alkalinity of the

preparation. On stirring with water, the edestin preparation

was entirely soluble, there was a slight flocculence with the casein

preparation, the other two were mainly but not entirely dissolved,

but the physiologically active portion of all goes into solution.

Addition of a little sodium hydroxide increases the solubility.

Mineral acids give a precipitate with the casein and egg prepara-

tions.

The most mai'ked difference was found in testing for carbohy-

drates. As edestin contains no carbohydrate, its preparations of

course show no evidence of such groups ; however the tests were

applied as controls, always with negative results. Although

casein is said to contain no carbohydrate, it has been found to

respond to the Molisch test‘ and our preparation from casein does

also. Reactions previously reported point to the presence of

pentose in the bacterial cell preparation.- As was to be expected

‘ Mann: Chemistry of the Protcids, p. -103 .

’ This Journal, hi, p. 433.
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the egg preparation gave evidence of hexose and not pentose.

The lead sulfide reaction showed the presence of loosely combined

sulfur in the preparations from egg and from edestin, not in the

ones from casein and the colon germ.

Action of acid. As shown in the preceding paragraphs, quali-

tative tests indicate the presence of protein, nucleo-compounds

and carbohydrates. Mineral acids give a precipitate with aque-

ous solutions. The method of preparation precludes the presence

of free organic acid, but suggests the possible presence of sodium

salts of such acids. Accordingly lo grams of the sensitizing por-

tion of egg-white were stirred with 200 cc. of water and filtered.

The filtration was slow, and accompanied by formation of much
foam, but finally a clear golden brown solution was obtained. A
sample of this solution was titrated with sulfuric acid, using

dimethyl-amido-azobenzol as indicator, until red coloration

indicated the presence of free mineral acid. The calculated

amount of sulfuric acid was then added to the original solution.

On standing the precipitate settled as a tough leathery mass,

readily separated from the supernatant liquid by decantation.

The precipitate was washed and dried upon a porous plate. It

was insoluble in both alcohol and ether, and hence is not fatty

acid. It may be added that without further purification it gives

the protein color tests, but awaits additional investigation.

Carbohydrate. Differences between the poisonous and non-
poisonous fractions of a given protein, differences between the

non-poisonous fractions of different proteins, and work upon an
immunizing product obtained from the non-poisonous fraction of

the colon germ, all suggest an investigation of the carbohydrates
present. Accordingly samples of the sensitizing portion of egg-
white were stirred with water, filtered, and attempts made to
separate protein and carbohydrate in the filtrate by means of
uranium acetate. The acetate was added both with and "with-
out sufficient alkali to keep the solution alkaline. A copious
precipitate resulted in both cases, which was filtered out with
some difficulty. The slight excess of uranium was removed from
the filtrate by addition of sodium phosphate. The filtrate gave
evidence of carbohydrate, but the separation was not sufficiently
sharp, and the physiological action was lessened, hence that
method was abandoned. Acidifying until there was a slight per-
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manent precipitate, the addition of either methyl or ethyl alcohol

cleared the solution. Phosphotungstic acid precipitated both

protein and carbohydrate. In short no method was found that

would remove the protein from the solution, leaving the carbohy-

drate. It is perhaps a legitimate inference that the two are united.

Samples were subjected to hydrolysis and titrated with Fehling’s

solution. The protein and other compounds present interfered

with the reaction, but by adding the solution all or nearly all at

once it was possible to obtain comparable results. Experiments

with split products from the colon germ gave a maximum reduc-

tion by boiling ai- hours with 2.5 per cent hydrochloric acid.

Three grams of the non-poisonous fraction of egg-white were

mixed with 200 cc. of water and 20 cc. of 25 per cent hydro-

chloric acid. A second sample rvas prepared in the same way

except that it was filtered before adding the acid. Both were

boiled with reflux condenser. After boiling half an hour, and

then at intervals of three hours, aliquot parts were removed,

neutralized, titrated with Fehling’s solution, and amount of

reducing substance calculated. Other samples were hydrolyzed

with sulfuric acid with less satisfactory results. These prelim-

inary experiments indicated that the reducing substance is all

present in the portion soluble in rvater, and that the maximum

yield, which if calculated as dextrose is about 9 per cent, is

obtained by boiling 10 to 12 hours until the mixture no longer

gives the biuret test.

Accordingly 25 gram samples of the non-poisonous portion

of egg-white were shaken for two hours in a mechanical shaker

with ten times their weight of water, filtered, 200 cc. more water

added, the solution neutralized with hydrochloric acid, then 50

cc. of 25 per cent hydrochloric acid added, thus making appro.xi-

mately a 5 per cent solution of material in 2.5 per cent acid.

This was boiled with reflux condenser for 10 to 12 hours, until the

solution no longer gave the biuret reaction. It was then filtered,

leaving very little upon the filter. The clear red-brown filtrate

was cooled, neutralized with sodium hydroxide, and benzoyiatcd

by the Schotten-Baumann method. The mixture became very

warm, but was cooled by surrounding the flask with pounded ice

and salt. When the reaction ceased the compound settled nicely

Ind was filtered with suction after standing two or three hours.
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The precipitate was washed with water containing a little am-

monia, and treated with boiling alcohol, in which a large portion

was freely soluble. On cooling and concentrating the alcoholic

solution, a fine yield of crystals was obtained. The crystals from

several samples were united and recrystallized from hot absolute

alcohol until the solution was water clear and colorless. Macro-

scopic bundles of needles were thus obtained showing very charac-

teristic grouping. They were washed in alcohol and in ether,

dried upon porous plate, the operations repeated until samples

from two recrystailizations melted side by side within one or one

and a half degrees. The crystals are pure white, readily soluble

in benzol, in chloroform and in glacial acetic acid, as well as in

alcohol, and melt at 203®. When boiled with sodium hydroxide,

ammonia is given off; after removing benzoic acid by boiling with

hydrochloric acid, the resulting solution reduces Fehling*s solu-

tion,

0.4150 gm. gave 0.00891 gm. N, corresponding to 2.147 per cent N.

0.4220 gm. “ 0.00962 “ " 2.279 " "

Average = 2 , 213 per cent N.

These characteristics suffice to identify the compound as glu-

cosamin benzoate which Pumni*- reports as melting at 203^.

Kueny^ prepared different benzoates from glucosamin by vary-

ing the conditions of the experiment. The one most readily

formed was tetrabeuzoate, melting at 199® when recrystallized

from alcohol, and at 207® when recrystallized from glacial acetic

acid. He tried by various methods to prepare a pentabenzoate,
but without success. Langstein^ prepared glucosamin benzoate
from egg-white, which after once recrystallizing from hot alcohol

melted at 201® to 202*^, and gave 1.95 per cent of nitrogen. The
theoretical amount of nitrogen in the tetrabenzoate is 2.35 per
cent. Thus this benzoate prepared from the sensitizing fraction
of egg-white agrees with glucosamin benzoate prepared from glu-
cosamin and from egg-white at least as well as those prepara-
tions do with each other. Numerous observers have found glucos-

^ MofMtsh. j. Ghent., xU. p. 435 .

^Zeitsch. f. physiol Chon,, xiv, p. 355 , 1 S90,

’ XJebcr die gerinnbaren Stoffe des Eiklars, Bcilr. chfm. Physiol u
Pathol., i, p. S3, iQoj.

'
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aniin in egg-white, and this work shows that it has remained in

the sensitizing portion. It is hoped later to investigate the carbo-

hydrate in the corresponding fraction of the colon bacillus,

SUMMARY,

Recent articles have described a method for separating bacterial

cell substance into a poisonous fraction and an immunizing frac-

tion. Applying the same method to egg-white, it is separated

into a poisonous fraction and a sensitizing fraction. The sensitiz-

ing fraction of egg-white contains about the same per cent of

nitrogen as does the egg-white, and a little higher percentage of

sulfur. Evidence of protein, nucleo-compounds and carbohy-

drate were found; mineral acid gives a precipitate with aqueous

solutions, but there was no evidence of fatty acid. Phosphorus,

frequently overlooked in analyses of egg-white, remains in the

sensitizing fraction, while only traces are found in the poisonous

fraction. The carbohydrate and nucleo-compounds of the egg-

white remain in the sensitizing fraction, the poisonous portion

giving no evidence of such groups. Carbohydrates and pro-

tein are apparently united, as different methods of separation

fail. After long hydrolysis glucosamin was separated as benzo-

ate. As glucosamin is present in egg-white, it may be inferred

that the carbohydrate passes unchanged from the egg into the

sensitizing portion.

The experimental work herein described was carried on in the

Hygienic Laboratory of the University of Michigan, and I wish

to express my indebtedness to Dr. V. C. Vaughan for turning over

this problem to me, and for his kindly interest and helpful sugges-

tions during the progress of the work.
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Our present knowledge concerning the protein components

of milk is limited to casein, lactalbumin,^ lactoglobulin,^ and

probably mucoid^ and opalesin.^ A number of components, such

as fibrin,® galactozymase,® albumose,^ gelatine,® galactin,® leci-

thin^® and lactoprotein,“ have likewise been found. Aside from

the proteins mentioned above the writer has isolated a new pro-

tein from milk which is characteristically different from any of

those alluded to.

Casein, When skim milk is treated with dilute acetic acid or

on saturation with a salt like sodium chloride a coagulum is

formed, which when removed is made up largely of casein, cal-

cium phosphate, water and some fat. On repeatedly dissolving

this coaguliun with dilute alkali, precipitating with dilute acid

and washing the precipitate thus formed with alcohol, ether and
alcohol, a product free from calcium phoshate and fat is finally

obtained which is known as casein. Casein is a white amorphous
body, insoluble in alcohol, ether or dilute acids, but on treatment
with alkalies, alkaline carbonates, phosphates or strong acids it

^ J, Sebelien: Zeiischr. f, phystoL Chem.^ ix, p. 445, 1885.
Sebelien; Ibid.: Jonrn. of Physiol., xii, p. 95, 189 r.

* V. Storch: Monatsh.f. Chem., xviU, p. 244, 1897; xx, p. 837, 1899.
* A. Wroblewski: Zeiischr. f. physiol. Cheat., xxvi, p. 308, 1898.
^ S. M. Babcock: Soc. for the Prom, of Agric. Sci., p. 13, 1898-
^ A. Bdehamp: Compt. rend, de VAcad. d. set., Ixxvi, p. 836, 1873.
^ M. R. Palm: Jahrcsbcricht f. Thicrchem., xvi, p. 143, 18S7.
* Morin: Journ. dc phys. el de chim., xxv, pp. 428, 431 and 433, 1854.
•Selmi; Gazeita chim. ital„ iv, p, 482.

Zeiischr, f. physiol. Chem., pp. 47, 327—330, 1906.
Millon and Comaille: jahresher. d. Chem., p. 632, 1864.
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readily passes into solution. Casein unites with alkaline earths

and particularly with calcium phosphate for the association

which is present in milk. Rennet splits casein into two proteins

one of which (paracasein) in the presence of calcium salts is coagu-

lated forming with the entangled fat of the milk the curd which
ultimately becomes the commericai product known as cheese.

The other protein, a soluble albumose body (whey albumin)

remains in solution. According to Lehmann and Hempel* the

composition of casein is as follows:

C, 54.0; H, 7.04; N, 15.G; S, 0.771; P, 0.S47; O, 21.742.

Lactoglobulin. A few milligrams of lactoglobulin per liter of

milk can be obtained by saturating the filtrate resulting from

the removal of casein by means of sodium chloride with magne-

sium sulfate. In a moist condition lactoglobulin is neither tough

nor elastic and possesses a snow white flaky appearance. Little

is known in regard to this protein component of milk.

Lactalbumin. On further saturating the lactoglobulin filtrate

with ammonium sulfate, Sebelien obtained a protein, lactalbu-

min, which comprises about one-tenth of the entire protein com-

ponents of milk. Lactalbumin when dry is a transparent,

brittle, hygroscopic mass or a white powder. It is precipitated

by hydrochloric acid but dissolves in an excess of the same.

Lactalbumin has the following composition;

C, 52.19; H, 7.1S; N, 15.77; S, 1.73; O, 22.9.

It differs in composition from casein in that it has no phos-

phorus, twice as much sulfur, less carbon and more oxygen.

Opalesin. Wroblewski has observed an albumin in milk,

which is rendered opalescent by the addition of acetic acid. This

albumin which he termed opalesin can be salted out with sodium

chloride or magnesium sulfate. It is soluble in water and non-

coagulable. It gives the color test of albumins, also those not

given by casein and is further remarkable for its low carbon and

high sulfur content. The composition of opalesin is as follows;

C, 45.0; H, 7.3; N, 15.07; P. 0.8; S, 4.7; O, 27.11.

iW. Hempel; Arch. }. d. gcs. Physiol, Ivi, p. 55 S. 1S94 .
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Mticoid, Storch isolated from fat- and salt-free butter serum

a protein which after air drying formed a fine loose, hygroscopic

powder of grayish white appearance. It is insoluble in water,

alcohol, ether and dilute mineral acids. It dissolves in weak and

strong sodium hydroxide with difficulty. On treatment with

dilute hydrochloric acid this mucoid reduced Fehling’s solution.

The ash-free mucoid contained 14.2 per cent nitrogen and 2,2

per cent sulfur.

New proiein. The new protein was first isolated from centri-

fugal slimes, which were obtained from the inner walls of the

bowls of cream separators. Water-free, centrifugal slimes are

composed largely of proteins, among which casein is by far the

most abundant constituent. The following method was used to

isolate the new protein from the slime.

Fresh slime was triturated in the cold with large quantities of

0.5 to i.o per cent sodium hydroxide solution. The alkaline ex-

tracts thus obtained were filtered and then cautiously treated

with I per cent hydrochloric acid until precipitation commenced.
This precipitate first formed was removed and the filtrate ob-

tained was treated with more hydrochloric acid and the process

continued until all of the acid precipitates were removed. When
no further precipitation occurred with the acid the process was
reversed by adding enough 0.5 per cent sodium hydroxide solu-

tion to the acid filtrate until slightly alkaline, removing any pre-

cipitate that formed during the process. To every five parts of

the slightly alkaline filtrate one part of concentrated hydro-
chloric acid (sp. gr., 1.20) was added and the entire contents were
allowed to stand until the precipitation of the new protein had
completely settled to the bottom. This requires from twenty-
four to forty-eight hours. The supernatant liquid was then de-
canted and the remainder filtered. The precipitate was purified
by repeatedly dissolving in water and precipitating with concen-
trated hydrochloric acid, after rvhich it was finally dialyzed,
either in parchment tubes or dialyzers, washed in alcohol, ether
and finally dried over sulfuric acid. Approximately 1.5 gram
of this precipitate was obtained from about five kilos of slime.
Sufficient chloroform was used to inhibit bacterial action in the
preparation of tlie protein from slime.

piotciit fouud i}i fjtilkf cvclvk aud butter. The presence of
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this new protein in whole and skim milk, cream and butter was
also confirmed. The casein in the milk and cream was pre-

cipitated in the cold by weak acetic acid and removed. The
albumin and calcium phosphate were precipitated from the acetic

acid filtrate with weak sodium hydroxide solutions and removed.
The resulting albumin filtrate was then treated with concen-

trated hydrochloric acid (sp. gr., 1.30) and allowed to stand over
night for the precipitate to settle. Cream appeared to contain

a much larger amount than milk. In working with butter, the

fat was removed with gasoline and the resulting residue was
treated as in the case of the centrifugal slime with positive

results-

Physical and chemical characteristics. The new protein when
desiccated has a brown, varnish-like luster. When dried in the

water oven at 95° C. its color does not change. When pulverized

it appears as a yellowish white powder. In water it swells and

becomes white in appearance. The protein dissolves in weak

sodium hydroxide solutions and is precipitated from such solu-

tions by phosphotungstic acid, tannic acid, ferrocyanide of pot-

ash, Millon's reagent, concentrated hydrochloric acid, etc., but

not with acetic acid. When the protein is added to concentrated

sulfuric acid (sp. gr., 1.84) it takes on the white appearance in the

cold, but on heating it rapidly chars. It is insoluble in ether or

alcohol and gives the biuret reaction. It doeti not reduce Feh-

ling’s solution. Hydrogen peroxide is decomposed by a solution

of the protein dissolved in sodium hydroxide solution. Different

preparations have been made which before being dialyzed tested

from 14, 14.57, 14.28 per cent of nitrogen and after dialyzation

tested from 18.43, 18.62, 18.70, 18.S1 and 18.93 per cent of nitro-

gen. The dialyzed protein which contained 18.93 pcr cent of

nitrogen also contained r.53 per cent of sulfur and o.Sii per cent

of ash. The high nitrogen content, together with the other men-

tioned facts, indicates that this compound is a protein of high

complexity. What is more remarkable, the protein when added

to sterile milk produces proteolysis.
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MILK ENZYMES.

Among the numerous enzymes which are claimed to be natural

constituents of milk may be mentioned galactase,^ trypsin,^

amylase,^ lipase/ lactokinase/ peroxidase and catalase.®

In this paper only proteolytic ferments, such as galactase,

tiy'psin, pepsin or erepsin, are considered, since the specific func-

tion (digestion) of any of these has a direct bearing on the work

presented in the following pages.

Three distinct methods have been employed in studying pro-

teolysis, namely, the digestive action on milk, the digestive action

on milk agar cubes and tests to determine the optimum tempera-

ture for its action.

Proteolytic tests with the new protein. Twenty series of experi-

ments were conducted with fresh preparations of the new protein

in order to learn the nature of the same with reference to pro-

teolysis.

In one series of experiments eleven bottles containing 180 cc.

of freshly skimmed milk in each were boiled, cooled, and treated

with 5 cc. of chloroform per bottle. Two were kept for control

and three lots of three bottles each were treated as follows: In

every lot one bottle was made neutral, another bottle, after it

had been neutralized, was made acid to the amount of 0.2 per

cent of hydrochloric acid and the remaining bottle was made
alkaline to the amount of 0.2 per cent of sodium carbonate. In

Lots I and III two preparations of the new protein from slime

were added. In Lot II a hydrochloric acid precipitate from whey
was added. All bottles were made up to equal volumes with ster-

ilized water, and allowed to digest for periods 131 and of 1099
days at room temperature. The bottles were frequently shaken
during the earlier part of the digestion period. The total amount
of nitrogen in this milk was 0.473 cent, having a soluble nitro-

gen content of 0.0283 cent or equal to 6.026 per cent of the

* S. M. Babcock and H. L. Russell: Ann. Rpt. Wis., p. 179, 1897,
Jjth Ann. Rpt. IKw., p. 85. 1898, x6ih Ann. Rpt. Wis., p. 157, 1899.

* Moro: Jahrbiich. f. KindcrhcilkMide, n. p., Ivi.

* Btichamp: Compt, rc^id. dc VAcad. des. set., xevi, pp. 1508-1509.
* Marfan and Gillet: Lapresse medicate, pp. 13-16, 1901.
* Hougardy: Bidl. acad. roy. bclg., pp. 888-900, 1906.
* Wonder: Ocstcrr. Chan. Zeit., vi, p. 13.
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total nitrogen of the milk. All bottles were strong with chloro-
form at the close of the experiment. The results are as follows;

T.VliLE I.

Protcohjlic test of the new protein on milk.

New protein Lot 1.

(

131 days niOESTIOS. 1099 D.VVS DIGESTION,

Per cent
soluble
nitrogen-

Per cent
i

total
I

nitrogen.
i

1

Percent
Soluble
nitrogen.

Per rent
total

nitrogen.

Control 0.0285 6.026 0.0G2
j

13.13
Neutral 0.0473 9.990 0.340

1

71. SS
HCl, 0.2 per cent 0.0550 i 11.620 0.109

j

23.04
Na^COj, 0 . 2 per cent 0.0547 11.560 0.077

1

16,28

Hydrochloric acid precipitate from luhey Lot 11.

Control i Q.02S5 G.026 0.0G2 13.13

Neutral 1 0.0360 7 .G 10 O.OoS 12.27

HCl, 0.2 per cent
1

0.0295 6.240 O.OGl 12.89

Na« CO3 ,
0.2 per cent

j

0,0495
1

10.450
1

1

0.07S
1

16.39

New protein Lot 111.

Control 0.02S5 C . 02G 0.063 13.13

Nontral 0.1275 26.950 0,297 62.79

HCl, 0.2 per cent 0.1225 25.900
1

0.234 49.47

Nao CO3 ,
0 2 per cent 0,1220

i

25.790
1 1

0.171 36.15

From the data obtained in the above series of experiments it

will be noted that at 131 days the largest increase of soluble nitro-

gen was found in Lot III. While at 1099 da3"s, including the

increased soluble nitrogen in the control, it will be observed that

the greatest amount of soluble nitrogen was found in the neutral

milks and the least in the milks containing sodium carbonate,

Lots I and HI. It is probable that the increase in soluble nitro-

gen in the milks made alkaline with sodium carbonate was partly

due to the alkali present.

The most important fact developed in this and similar experi-

ments was that the hydrochloric acid precipitates obtained from
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whey, which were treated under similar conditions as the precipi-

tates obtained from slimes, did not show any perceptible digestive

action, indicating that all external factors that might have been

introduced in these preparations and caused proteolysis were

removed. Whatever the changes are that took place in Lot II,

they are undoubtedly due to some other causes than proteolysis.

There is a similarity in the amount of digestion in Lots I and III

for 1099 days and in similar experiments where the period was

carried on for 1536 days.

The influence of acid a^id alkali on proteolytic action. Accord-

ing to Nasse^ and Schmiedeberg^ albumins denaturalize with

great rapidity when brought in contact with alkalies and acids.

For this reason it was desired to learn to what extent the acid

and alkali to the amount used influenced an increase in the solu-

ble nitrogen and whether or not this power of dissolution was

progressive. In this experiment 180 cc. of neutralized and

boiled skim milk was added to each bottle. The bottles and

contents were then reboiled, cooled and 5 cc. of chloroform was

added to each bottle. Two bottles were kept for control, five

were made alkaline with sodium carbonate tp equal 0.2 per

cent solution, and two bottles were made alkaline with suf-

ficient sodium carbonate to make a 0.4 per cent solution. Two
bottles were kept neutral and four were made acid with hydro-

chloric acid to equal a 0.2 per cent solution. A hydrochloric acid

precipitate from slime was added to two bottles of milk contain-

ing 0.2 per cent of sodium carbonate, two bottles containing 0.2

per cent hydrochloric acid and two bottles of neutral milk. All

bottles were made up to equal volumes and then allowed to digest.

The total nitrogen in the skim milk was 0.49 per cent with 0.038
per cent soluble nitrogen or equal to 7.75 per cent of the total

nitrogen. The results of this experiment are as follows:

‘O. Nasse: Arch. f. d. ges. Physiol, vii, p. 139, 1872.
* O. Schmicdeberg ; Arck, /. exp. Path. u. Pharm, xxxix, p. i, 1897.
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TABLE II.

Influence of acid and alkali on hoUed viUk.

PER CENT SOLUBLE
nitrogen.

PEU CENT TOTAL
NITROGEN,

108 days
digestion.

192 days
digestion.

108 days
digestion.

192 days
digestion.

Oontrol 7.75
HCl, 0.2 per cent 8.16

HCl, 0.2 per cent 0.0435
1

8.88
Nag CO3, 0.2 per cent 8.26

Nao GO3, 0.2 per cent 8.37

CO3, 0.4 per cent 0.0410 8,37

CO3, 0,2 per cent 0.04G0 9.40

It will be seen from the above data that neither the hydro-

chloric acid nor sodium carbonate altered the composition of the

milk materially. The above results further show that neither

the action of hydrochloric acid nor sodium carbonate are pro-

gressive.

TABLE III.

Influence of new protein on same milk as used in Table ll.

1

108 DAYS DIGESTION. 1050 DAYS DIGESTION.

Per cent
soluble

nitrogen.

Per cent
total

nitrogen.

Per cent
soluble
nitrogen.

Per cent
total

nitrogen.

Control ' 7.75 0.078 1 15.92

Neutral ' 25.32
;

0.2S6 58.37

HCl, 0.2 per cent 22.85 0.150 30.61

Naj CO3, 0.2 per cent 0.118 24.08 0.107 21.84

From the data given in the preceding table it will be seen that

the digestive action is similar to that found in Table I, p. 266.

Comparing the above data with those found in Table II, p. 268,

for the 108 day period it will be seen that the new protein has

exercised a pronounced digestive action, while the milk brought

in contact with the acid or alkali was practically the same as in

the beginning of the e.xperiment as far as the soluble nitrogen is

concerned.
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The new protein in relation to its physiological condition. The

protein was heated at different temperatures lor periods of ten

minutes each. All were cooled to uniform temperature and

added to tubes containing milk agar prisms.^ They were then

allowed to stand for three days, observing the condition of the

cubes at twenty-four hour periods. In the tubes where digestion

took place the action commenced on the outer surface of the cube,

dissolving the casein of the milk suspended in the agar inwardly.

In a similar manner the filtrate obtained from the separatioii of

a hydrochloric acid precipitate from slime was studied.

TABLE IV.

Physiological tests with Tieui -protein and filtrates from which it teas

removed.

Heated at 35° C,.

Heated at 40° C..

Heated at 45° C..

Heated at 60° C..

Heated at 55° C..

Heated at 60° C..

Heated at 65° C..

Heated at 70° C..

Heated at 80° C..

Heated at 85° C..

Heated at 100° C.

Blank

New protein.

digestion

Hydrochloric acid
titrate.

digestion

digestion

digestion

digestion

digestion

most marked digestion

digestion

none.

none.

none.

digestion

none.

none.

none.

none.

It is apparent from the results of the physiological tests given
above that the new protein, as well as the filtrate from the same,
contains at least one enzyme.

Proteolytic test with filtrate obtained from new protein. In the
preceding experiment it was learned that the filtrates from the
new protein had the function of proteolysis. Owing to the strong
hydrochloric acid which was present in the filtrate it was neces-
sary to neutralize the same before adding to a lot of boiled milk
which was treated under the same conditions as in previously

’ E. G. Hastings: eisi Ann. Rpt. p. 170, 1904.
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described experiments. The total nitrogen of the milk was 0.56

per cent, containing 0.063 ^^^nt soluble nitrogen. The results

of a thirty day incubation at 39° C. are as follows;

TABLE V.

Proteolytic test of hydrochloric acid filtrate.

1
30 DAY Dir.ESTION AT 39® C.

1 1

1

Per cent soluble
|

1
nitrogen.

j

Percent
total

'

nitrogen.
1

Control

- ' " ' —

j

0.063 i 11,25

Neutral 0.102 ’ 18.21

HCl, 0 . 1 per cent 0.1015 18.12

NiuCOa 0. 1 per cent 0,1015
'

1

18.12

It will be seen from the above data that hydrochloric acid does

not completely separate from milk all of the enzyme or enzymes

capable of proteolysis.

Character of decomposition products 'formed. It has been shown

from the results given in the preceding pages that whenever the

new protein was added to milk digestion took place. In the

following pages the decomposition products formed by the action

of the new protein on milk are compared with those formed by

animal ferments and bafcteria. The analytical methods followed

are the same as those used by Vivian^ while studying the soluble

nitro en compounds formed by galactase.

Influence of sterilization and chemicals. In the following table

is given the per cents of the various soluble nitrogen compounds

present in fresh skim milk, both before and after sterilization,

together with the results of the influence of acid and alkali on

this milk for periods of 93 and 224 days, respectively.
^

For the

study of the acid and alkali influence each bottle containing 200

cc. of sterilized milk plus 5 cc. of chloroform, plus either 10 cc. of

^ hydrochloric acid and 10 cc. of normal sodium hydroxide, or

10 CC. of water. After corking and sealing, the bottlers were

placed in the incubator and kept at a temperatuie of 39.5 C- for

the above stated periods with the following results.

» A. Vivian; J 6ih Ann. Rpt. IV-.s., p. 179.
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TABLIS VI.

Soluble nitrogen compounds in milk as influenced by sterilization and

chemicals.

PER CJSNT OP TOTAL .VITROOEX E.VPBESSBD
Z.V THE form of

—

c Peptones,

ai

.2’

m

0n
0
H

%
<

.S':?
Phospho-

tungstic.

Amide.

Ammonia.

Before sterilization

After sterilization

2.01

1.43

1.24

1.23 0.40

4.29

4.16 0.00

After sterilization:

Control

!
i

i 93 2.02
'

1.44 0.42 3.48 p.oo

Hydrochloric acid 93 1.48 1.88 0.30 4.14 0.60

Sodium hydroxide 93 2,78 2.25 0.48 3.23 0.75

Control 224 0.50 3.41 0.74 1.45 0.91

Hydrochloric acid 224 0.45 2.89 0.72 3. 48 1.08

Sodium hydroxide 224
t

1.45 3.30 0.72 3.13 1.08

The most evident feature brought out by this table is the de-

velopment of ammonia in milk containing acid and alkali at the

93 day and also in the watered milk at the 224 day period. While
there was a fluctuation in the albumose content, a decided

increase in anti and hemi-peptones was observed in the milk

containing acid and alkali. The failure to obtain peptones by
phosphotungstic acid before sterilization indicates that a modi-
fication had taken place during sterilization.

Influence of proteolytic bacteria. According to Effront^ bac-
terial spores can retain their secreting power although their ability

to germinate has been destroyed. In accordance with this view
a series of the same milk under similar conditions as the preceding
experiment were inoculated with the Bacillus subtilis and allowed
to digest for 224 days at 39*5® C. with the following results.

‘ J. Eflront: Monil, Sci\, 4 Sen, x.xi. So. 7S2, p. Si, 1907.
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TABLE VII.

Influence of Bacillus subiilis in the presence of chloroform.

PER CENT OF TOTAL NITROGEN EXPRESSED
IN TUB FORM OF

o
tn
O
a
3

<

Pept

S*t3

I'’

-ones.

,.2

^ d
oj 3

Amide.

Ammonia.

Control (amphoteric) Bi 3.41 ' 1.45 0.91

Control (amphoteric) inoculated 5.98 13,93 0.90

Hydrochloric acid
j

2.S9
1

3. 48
1

1,08

Hydrochloric acid inoculated 5.62 2.71
!

8.24 1 0.90

Sodium hydroxide 3.13 l.OS

Sodium hydroxide inoculated 4.40 1.26
I

8,53 0.90

In this case it is evident that in spite of the chloroform present,

modifications took place in the presence of Bacillus subtilis, be-

ing most marked in the amphoteric milk. With the exception

of the albumose and ammonia contents marked increases in solu-

ble nitrogen compounds were observed in all separations from

the inoculated milk.

TABLE VIII.

Decomposition products formed in the presence of the new protein.

PER CENT TOTAL NITROQE.V EXPRESSED IS
THE FOILM OF

Albumose.

Pep'

•S3

i

o3

Phospho-

2

tungstic.

ci

*a
o

<

Control 1.69 4.S6 0.85 4.99 ' 0.74

Neutral 4.02 14.10 12.05 41.21 0.4*1

Hydrochloric acid 2.75 S.G7 2,32 9. IS 0.12

Sodium hydroxide 2.32 5.49 1.90 6. -14 0.13

It will be seen from the above data that the nature of the de-

composition products are not due to pepsin digestion, owing to
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the comparatively small amounts of albumose present. With the

exception of the decomposition products in acid, this digestion

agrees fairly well with trypsin which dissociates the albumins

into peptones, peptids and finally into amino acids and according

to Kutscher,* Hirschler,^ and Stadelxnann,^ into ammonia. It

can not be erepsin since this ferment is most active in alkaline

solution. The decomposition products closely resemble those

formed by bacterial enzymes in the presence of chloroform,

which in turn are similar to those obtained with galactase.

Relation of new protein to galactase and bacterial enzymes. In

the following table the nature of the decomposition products formed

from the action of the new protein and Bacillus suhtilis in the

presence of chloroform are compared with Babcock and Russell's

results on cheese, galactase, and bacteria and their enzymes in

the absence of chloroform, which have been recalculated by the

writer on the basis of per cent of total nitrogen. The galactase

which these men used in studying the nature of the decomposition

products was an extract of fresh centrifugal slime added to steril-

ized skim milk.

From the data given in the table (p. 274) it will be noted that

the decomposition products formed in cheese, by galactase, new
protein, Bacillus suhtilis in the presence of chloroform, and B.

299 at the 28th day are similar. The most marked difference in

the decomposition products formed is in the transformations of

the more complex albumose and peptones to the formation of

less complex end products as amides and ammonia. In regard

to galactase digestion the results further indicate that the meta-
bolic processes ceased somewhere between the 28th and the s6th
day (4.Q2 to 6,56 per cent of ammonia) owing to the repressing

action of the chloroform present, while on the other hand in the
absence of chloroform the metabolic processes were allowed to go
on with Bacillus subhits

^

B. 299, and B. 83, increasing in these
cases in ammonia from the 28th to the n2th day. The remark-
able, close agreement of B. 299 at the 28th day with galactase at
112th day, and B. 299 with B. 83 at the H2th day, are of note-

' P. Ivutschor: Marbur^er Habilitationschrift, Strassburg, 1899.
* A. Hirschler : Zcitschr. /. physiol Chon., xxxi, p. 165, 1900.
* E. Stadelmann: Zciischr.

f. Biot., xxiv, p. 361, 18S8.
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TABLE IX.

Co7nparison of decomposition products.

1

.2

PER CENT OF TOTAE NITROGEN EXPRESSED
IN THE FORM OF—

o?
1

UD
om

Peptones. a

^ 1

CQ

^ '

O

43

<
Tannic
acid.

Phospho-
tungstic.

Amide.
a
o
S
s
<

Cheese 112 4.47 2.52 9.49 17.04 4.75
Galactase 28 16.39 9.83 13,11 13.11 4,92

It
56 19.67 13.11 9.83 16.40 6.56

tt

1

112 9.84 18.03 24.59 16.40
,

6.56

New protein (a)
|

1826 3.93
1

13.75 11,79 22.59 18.75

New protein (6)
i

1096

1

4.02 14.16 12.05 41,21 0.44

Bacillus subtilis in presence

of chloroform 224 0.56 5.98 3.20
,
13,93 0,90

Bacillus subtilis I in absence
1

of chloroform * 56
1

3.63 45.45 3.63 27.27

Bacillus subtilis II in ab-

sence of chloroform 56 1 5.45 45.45 1.82 20.91

Bacillus subtilis I in absence

of chloroform 112 3.63 ' 38.88 1.82 37.04

Bacillus subtilis II in ab-

sence of chloroform 112 10,25
j

27.47 0.00
1

30,38

B. 299 in abs, of chloroform. 28 10.00 1 17.50 ' 10.00 1 47.50 ' 7.50
(( tt 56 0.00 2.25 15.00 60,00 15.00
te It 112 0.00 0.00 7.25 58.25 28.25

B. 83 in abs. of chloroform. 28 0.00 7.32 12.19 65.85 12.19
tt tt 56 0.00 0.00 14.63 53,66 56.13
tt it 112 0.00 0.00 7.35 56.13 36.52

worthy consideration. The new protein (a) contained one spore

former per cubic centimeter of milk at the 1826th day. From

these deductions it would follow that the decomposition products

formed in cheese, by the new protein, Bacillus subtilis in the pres-

ence of chloroform, galactase, B. 299 at the 28th day, which is

nearly quantitatively the same as B. 83 at the 112th day, are col-

lectively speaking the results of bacterial enzymes with the pos-

sibilities of more or less metabolic changes.

That galactase is not inherent, but of bacterial origin is con-

trary to the views held by Babcock and Russell and in conformity
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with the views held by earlier investigators, such as Duclaux,

Adametz, Weigmann and others who have concluded that bac-

terial cultures with the aid of their enzymes (casease, Duclaux)

can digest casein and form cheese-like odors which are in some

cases better flavored than those made under ordinary factory,

conditions. Adametz and Winkler even went so far as to place

upon the market pure cultures under the name of tyrogene^ for

the purpose of ripening cheese.

The conflicting results obtained by Freudenreich and in earlier

researches by Babcock and Russell were due to the fact that

they believed lactic acid organisms or lactic acid played the im-

portant r61e in the ripening of cheese. Chodat and Hoffman-

Bang,^ however, have clearly shown that lactic acid organisms

do not digest coagulated casein even in the absence of sugar.

Contrary to the earlier accepted biological views that digestive

bacteria are fundamentally important in the process of cheese

ripening, Babcock and Russell followed the generally accepted

idea that all living cells secrete enzymes and assumed that this

phenomenon took place in the milk glands and ascribed the pro-

teolytic changes in milk to this source and named the ferment

characteristic in the changes produced in milk and cheese galac-

tase. To support their theory they treated milk with different

protoplasmic poisons, such as chloroform, ether, benzol and toluol,

assuming that these agents were destructive to bacterial life. In
spite of these agents the milk always curdled and finally digestion

resulted. It was found, however, that these milks were not
sterile “as cultures made in various culture media after the anti-

septic had been removed quite often showed bacterial growth.”
Van Slyke, Harding and Hart^ in Tables I, II and III of their

bulletin in a study on this problem, have clearly demonstrated
that the presence of 2,5 to 30 per cent of chloroform had very
little influence upon spore formers, there being 25 to 42 germs
per cubic centimeter for the first 2 1 days with a decrease from 6 to
14 germs per cubic centimeter at 192 days in spite of the fact
that these samples were shaken daily. They also concluded

^ ^lolkcrci Ztg., xiv,
^ Ann, ijist. Pasicur,

p. S17, 1900.

p. 36, 1901.
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from their experiments that chloroform had very little influence

upon the enzymes present.

Numerous investigations^ have been conducted in order to

test the germicidal effect of chloroform. The results of these

investigations clearly show that the vegetative forms of bacteria

are destroyed in the presence of chloroform while the spores are

able to survive for long periods of time.

Owing to the danger of including bacteria from external sources

Babcock and Russell" next endeavored to obtain milk under

aseptic conditions, and after being placed under antiseptics these

milks also showed an increase in the soluble nitrogen content

with each succeeding analysis. That these milks were obtained

under aseptic conditions does not imply that they were sterile

for as they have stated^ “after being exposed to the action of

antiseptics for a time these milks were found to contain bacteria,

but as they were spore bearing forms entirely, the presumption

is that they existed in the milk in a latent condition.” Accord-

ing to Van Slyke, Harding and Hart^ only one sample of milk

was obtained by them which was germ-free and this one was not

studied for proteolytic changes. Boekhout and De Vries’’* drew

200 samples of milk containing 15 cc. in each from one cow and

120 samples of milk containing 15 cc. in each from another. It

is a noteworthy fact that out of the 320 samples of milk obtained

not one of them was germ free. Some of the bacteria present

were able to coagulate the milk in a longer or shorter time, while

others were able to digest casein. These samples of milk, to-

gether with those obtained at the New York Experiment Station

were drawn under aseptic conditions. 'Ward® found in nineteen

udders examined “that the lactiferous ducts harbor bacteria

throughout their whole extent.” Granting that sufficient quan-

tities of germ-free milk can be obtained for proteolytic studies,

‘ M. Kirchner: Zeitschr. f. Hyg., viii, pp. 465-489, 1890; A. B. Green:

Centrabl. f. Bakt., I Abt., Ref., xxxv, p. 804, 1905; Corini; Ibid., 1 Abt.,

Ref., xxxvi, p. 47, 1905; A. H. Nijland: Arch. Hyg., Ivi, p. 361, 1906.

^kpt. Ww. Exp. Sia., p. 174. 1897.

3 Ibid., p. 17s. 1897.

* Bull. No. 203 N. Y- Exp. Sta.

» Ceutralbl. f. Bakt., II Abt.. vii, p. 826.

« Bull. No. 178, Contell Exp. Sta.
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the possibilities of bacterial enzymes will always confront ns for

(if the writer is not mistaken on this point) no milk has been ob-

tained from the entire quarter of an udder which is absolutely

germ free. Further it is reasonable to believe that a bacterial

enzyme once formed would be distributed throughout the entire

mass.

Many of the bacterial forms present in the udder are of a pro-

teolytic type and in consequence we should expect bacterial

g^o^vth, resulting in the production of enzymes before the milk

was ever drawn. At most dairy farms cows are milked at inter-

vals running from ten to twelve hours apart, leaving ample time

for the production of sufficient quantities of bacterial enzymes to

bring about the necessary transformations of the casein in milk.

In Babcock and Russell’s experiments the milk was placed in

2.5 liter bottles, leaving approximately one-half liter air space in

every bottle. The specific gravity of the chlorofrom (1.4) which

was added to the milk, or vice versa, is heavier than milk(sp. gr.,

1.032) and nearly all settles to the bottom. Under this condi-

tion the upper strata of milk, together with what milk adheres

to the walls of the container above the milk, contain very little

chloroform, if any, and therefore permit of ocean beds for the

bacteria to grow in. Bacterial growth means the formation of

more enzymes, and if the bottles are shaken at twenty-four hour
intervals an additional amount of enzyme results with each shak-
ing until the quantity of ferment has been increased to an amount
that will hasten the curdling of the milk and digest the casein.

The by-products formed, together wdth the chloroform present
in the milk, tend to devitalize the spore formers and they finally

become extinct. This is undoubtedly what has taken place in
the investigations conducted by Babcock and Russell, who went
on the assumption that 2 to 3 per cent of chloroform would keep
a milk sterile.^

In reviewing their work on the antiseptic effect of various
substances on milk,^ we learn that their means of estimating the
efficiency of various agents is based upon the agent which is most
suitable to allow spore formers to survive and at the same time

' Rpt, Ikw. Exp. Sta., p. 103, 1S98.
^ Ibid., p. 99, 1S98.
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be destructive to the lactic acid organisms present, for all milks

which soured with certain antiseptics were discarded for as they

have said' “2 to 3 per cent of chloroform was sufficient to keep

the milk from souring.”

Method of isolating galactase. In several periodicals and text

books issued during the past few years the statement has fre-

quently occurred that Babcock and Russell isolated the enzyme
galactase. As a matter of fact the enzyme galactase (meaning by

this an inherent enzyme) has never been isolated. In 1901 the

writer, then a student of Dr. Babcock, studied the protein com-

position of centrifugal slimes with a special effort to isolate the

ferments present therein, which resulted in the finding of the new
protein. In the Fourteenth Annual Report, p. 178, 1897, is given

the method used by Babcock and Russell for isolating galactase

and in short is as follows: Equal quantities of slime and 40 per

cent alcohol were worked into a paste and finally the coarser

particles of suspended matter were removed. To the resulting

e.xtract thymol or benzol was added in order to allay any possible

fermentation. This extract, after standing twenty-four hours,

was then concentrated to one-tenth its volume at a temperature

not exceeding 25° C. and finally neutralized with sodium car-

bonate and added to milk with the results of very rapid digestion.^

It is needless to say that every step undertaken in their proce-

dure of isolating galactase, with the single exception of the anti-

septic added, was favorable to bacterial growth to say nothing

of the number of bacteria plus their enzymes previous to such an

undertaking. In the experiments where these concentrated

bacterial extracts plus their enzymes were added to milk we have

data® which are in accord with the results obtained by the writer

(see Table IX), with the exception that the writer worked with

a specific digestive organism rather than a possible number of

digestive organisms.

Referring to Table IX it will be seen that the decomposition

products formed by Bacillus suhtilis and its enzyme in the pres-

ence of chloroform are sharply contrasted from those resulting

iRpt. Wis. Exp. Sta., p. 86, 1898.

p. 179. iS97 -

^Ibid., p. 165, 1899.
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from the action of the Bacilhis suhtilis and its enzyme in the

absence of chloroform, where 76 per cent of the soluble nitrogen

was in the form of peptones (by phosphotungstic acid) and am-

monia. Owing to the repressive action of chloroform upon the

vital processes of the Bacillus stibtilis, there are practically, under

this condition, only specific chemical changes which take place,

viz: the digestive action of the bacterial enzyme, while on the

other hand in addition to these changes there are also chemical

changes taking place in the organic body.

Importance of enzymes in cheese ripening. That enzymes play

an important r61e in the ripening of cheese is admitted. Du-

claux^ as long ago as 1880 advanced a theory believing that

the enzyme casease derived from the Tyrothrix organism (allied

to Bacillns snhiilis) brought about the characteristic changes in

the process of cheese ripening. Duclaux, Adametz, Weigmann
and their pupils have shown that pure cultures of organisms with

the aid of their enzymes can digest casein, sometimes resulting in

flavors superior to those found in the usual make of cheese.

Freudenreich found in Emmenthaler the lactic acid organism,

Micrococcus casei liqiiefaciens. According to Peterson^ this

organism is frequently met with and increases rapidly during the

first ten days of curing. Other microorganisms have been found

which play an important role in the ripening of cheese, viz:

Bacilhis casei Ihnhurgensis in Backsteink^e, Micrococcus casei

Uquefaciens and the Bacillus casei limburgensis combined have a
powerful action in Camembert cheese,^ Penicillium album in

Briekase, Penicillium glaucum in Roquefort and a kopfschimmel
in gamelost. Some forms of mold* are capable of dissolving a
large part of the casein and according to Rahn^ there is present
in the hard type of cheese a yeast besides lactic acid bacteria'.

In earlier researches investigators failed to find digest!ve organ-
isms in the hard type of cheese. It is now known, that digestive
bacteria are present in cheddar cheese as well as in other forms
and are generally all found in colonies.

* Journ. sAmcr. Chon, Soc,, p. 4.36, iSSa.
* Troili Petersons. 3 S., 487.
* Epstein: Arch, f. Hyg., xliii, p, i,

Tiechert: Milch. Ztg., p. 786, 1903.
* Rahn: Ceniralbl. f. Bakt., II, xv, p. 7S6.
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The conformity of results obtained at the Wisconsin and New
York Experiment Stations in experiments mth normal and
chloroformed cheese is in favor of bacterial action. The presence

of chloroform in cheese as in the case with milk, represses bac-

terial action, thus practically perventing chemical changes within

the organic body, while the bacterial enzyme is left free to act.

It will be seen from the discussions presented in the preceding

pages that the question rests upon the following thought, i.e.,

whether or not the enzymes present in milk or cheese and carry

on the important role in the processes of ripening have originated

from an inherent source or from bacteria, yeast or molds. The

fact that digestion is most marked in milk and cheese in the

presence of bacteria, the finding of digestive bacteria in udders,

the resistance of spores to chloroform, the ability of Bacillus sub-

tilis enzyme to form similar changes in the milk as in the case

of galactase, the failure of Salkowski to find demonstrable evi-

dence of digestion in two samples of normal milk in the presence

of 0.3 per cent of chloroform (undoubtedly due to the absence of

proteolytic enz3’me secreting organisms) all indicate that the

proteolytic enyzme or enzymes present in milk have originated

from one source, namely, bacteria.

Since centrifugal slime, milk, cream, etc., generally contain

large numbers of bacteria it may be that the new protein is a

resultant of bacterial action. The fact that the new protein

digested sterilized milk, as well as the fact that enzymes attach

themselves to materials in suspension (as in the case of the for-

mation of the new protein) together Avith the fact that the bac-

terial action is certain before, if not during, preparation, thereby

forming large quantities of bacterial enzymes, all tend to indicate

that the characteristic digestion of the new protein is one of

incorporation.

The failure to obtain digestion AA'ith precipitates prepared

from Cheddar cheese whey indicates one of two things, that either

the ferment is incorporated with the curd or the amount present

in whey was so diluted that Avhat little was present was injured

by the action of strong hydrochloric acid.
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CONCLUSIONS.

(1) By the careful removal of the casein and albumin in slime

with weak acid and alkali, a filtrate is obtained in which a new

protein can be isolated by the addition of one part of concen-

trated hydrochloric acid (sp. gr., 1.20) to every five parts of the

filtrate.

(2) This new protein is found in milk, cream and butter.

(3) Chemically the new protein is very rich in nitrogen, con-

taining 18.93 cent of the same. It gives the biuret reaction

and is dissolved in weak sodium hydroxide solutions.

(4) Physically the new protein possesses a brown varnish-like

luster which when ptdverized is changed into a whitish appear-

ance. In water it swells and takes on a whitish appearance.

(5) When added to milk a part of the casein is digested in the

same. Digestion is most favorable in neutral milks on prolonged

standing.

(6) Physiologically the enzymic properties are most active at

a temperature of 65° C. At 80° C. the ferment was destroyed.

(7) The filtrate obtained after the removal of the new protein

also has digestive properties.

(8) The influence of chemicals and sterilization tend to slightly

modify the soluble nitrogen compounds of the milk.

(9) The addition of digestive bacterial cultures to sterilized

milk in the presence of chloroform caused proteolysis.

(10) The decomposition products formed in the presence of the
new protein are similar to those formed in the presence of galac-
tase and bacterial enzymes under the same conditions. From
these facts it is believed that the characteristic digestion of the
new protein and galactase are of bacterial origin.

(11) The enzymic property of the new protein is one of incor-
poratibn.
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During the progress of a series of investigations bearing upon

the bacterial flora of the intestinal tract of infants and adults in

health and disease, the writers have obtained valuable informa-

tion from the routine use of the fermentation tube, by using

methods similar to those of Dr. Theobald Smith/ who has

repeatedly called attention to the fundamental importance of this

apparatus in the study of fermentative bacteria. His researches

have shown conclusively that the gas volume, gas ratio (propor-

tion of gas soluble in caustic alkali to the insoluble portion) and

the length of time necessary to produce the maximum amount of

gas are characteristics of prime importance in the study of this

group of organisms. Furthermore, by the simple addition of

bits of fresh sterile animal tissue- he has succeeded in cultivating

in these tubes a number of anaerobes which would not grow under

ordinary conditions.^ Finally, by introducing the use of milk in

* Das GahrungskOlbchen in der Bakteriologie, Centralbl, f. Bakt.^ vii,

pp. 502-506, i8go; Einige Bemerkungen fiber Saure- und Alkalibildung

bei Bakterien, Ibid,, viii, p. 389. 1890; The Fermentation Tube, etc..

Wilder Quarter-Century Book, 187—234, 1893.
* Centralbl, f. Bakt., vii, pp. 502-506, 1890.
’ There seems to be considerable question about the priority of this

procedure. According to Marino (Method pour isoler les anagrobies,
A««. dc Vinst. Pasteur, xxi, p. 1005, 1907) the credit belongs to Duen-
schmann (^tude e.xperimentale sur le charbon symptomatique et ses
relations avec I’oed^me malin, Ann, dc Vinst. Pasteur, p. 482, 1895) who
mentions the fact that Roux, under whose direction this work was carried
out. had previously used serum (beeQ to cultivate certain anaerobes.
As a matter of fact Theobald Smith (Das Gfihrungskfilbchen in der Bak-
teriologie, Centralbl. /. Bakt., vii, p. 502, 1890) very distinctly mentions
the fact that sterile animal tissue may be employed to advantage in the
cultivation of certain obligate anaerobes and he actually employed fer-
mentation tubes enriched in this manner at that time.
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the fermentation tube, he has added much to the value of this

medium for bacterial research.^

Smith's published results have been obtained chiefly with

pure cultures. Herter and Ward- have studied the gas volume

with fermentation tubes inoculated with mixed intestinal flora

and Herter^ has studied the sediments derived from the inocu-

lation of such tubes.

TECHNIQUE.

(i) Preparation of sample. It is necessary at the start to

have fresh specimens of stools for investigation—samples that

have stood for some time or have been freely exposed to the air

or to high temperatures are liable to change rapidly in their

bacterial composition. Nonspore-forming anaerobes may rapidly

succumb while, coincidently, hardy forms multiply until they

exist in abnormally large numbers, thus influencing very markedly

the bacterial aspect of the result.

It is necessary in this particular line of investigation for several

reasons to inoculate appropriate amounts of fecal material; the

portion added must not be too great or the acids and other antag-

onistic products formed by the more rapidly growing faculta-

tive organisms will seriously inhibit the growth of the more strictly

parasitic types; too small an amount, on the other hand, may

fail to furnish a representative growth of significant microorgan-

isms. The less numerous but perhaps extremely important

forms may, without these precautions, be overlooked and missed

entirely.

For routine purposes one gram of feces thoroughly emulsified

in ten cubic centimeters of physiological saline solution is an

^ Milk intended for the fermentation tube must be sterilized at least

four successive times at appropriate intervals to insure the absence of

resistant spore-forming bacteria which ordinarily escape observation.

After sterilization and before inoculation milk fermentation tubes must

be incubated several days at body temperature to test their sterility.

See Smith, Brown and Walker: The Fermentation Tube in the Study of

Anaerobic Bacteria with Special Reference to Gas Production and the

Use of Milk as a Culture Medium, Jonnu Med. Research, xiv, pp. 193-206,

1905.
sThis i. P- 415. 1906-

, , _ .

3 The Common Bacterial Infections of the Digestive Tract. 1907.
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excellent dilution. Probably all types present that are capable of

development in fecal media are thus represented.^ If mucus is

present in the stool it should be washed in sterile water and inoc-

ulated separately. One cubic centimeter of the suspension is

placed in each tube.

Certain forms, as for example, the B, hulgaricus described by

Metchnikoff, and many alkali-producing bacteria, will not grow

in the ordinary fermentation media but usually develop rapidly

in milk fermentation tubes.

The period of incubation is a very important factor. Experi-

ence has shown that during the first eighteen to twenty hours

(rarely longer than this) the majority of the vegetative cells will

beat their maximum growth; after this time, owing partly to

antagonism, partly perhaps to the fact that the nutrient material

that was carried over with the suspension is exhausted, many
forms die out, while the more saprophytic organisms increase

enormously.

The actual gas volume is rather less at twenty hours than at

subsequent periods as a rule, but the relative value of this feature

is at the maximum. The bacteria derived from ordinary stools,

particularly of the colon type, tend to attain a more or less con-

stant gas volume after forty-eight hours.

In plain bouillon without the addition of carbohydrates (par-

ticularly with media made from meat jtdce instead of meat
extract as a basis, gas is sometimes liberated after acidification

of the culture with hydrochloric acid, although no gas was
present during the incubation period. Also the addition of cystin

to the medium tends -to increase the gas volume. This gas
is hydrogen sulphide, and its total amount may be estimated with
a considerable degree of accuracy through the absorption effected

by the addition of a soluble salt of a heavy metal.
The gas ratio is not an especially important characteristic in

mixed fecal flora, much less so in fact than is the case with pure
cultures. Frequently the volume is too small to measure, and

* The emulsion should be rapidly prepared and inoculated. Too long
an exposure in the relatively afirobic saline solution may, and frequently
docs, eliminate many vegetative and nonsporo forming anaSrobic forms,
particularly those of infant flora, while the more vigorous aerobic bacteria
increase rapidly.
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the inability to decide offhand which organisms are concerned

in its elaboration makes the determination at best of doubtful

value.

Of the greatest importance, on the contrary, is the character

of the sediment. Smith^ has shown that the deposit at the base

of the closed arm is an excellent source of material for reinocu-

lation with anaerobic bacteria (using pure cultures) and our obser-

vations have demonstrated in addition the fact that certain

organisms assume characteristic appearances which in some

instances are even diagnostic.

For making suitable smears the material is best removed by

a finely drawn out capillary pipette, then spread upon slides,

using the tip of the pipette as a spreader. The excess of solu-

tion runs back into the pipette by capillarity, leaving a thin,

uniform smear which dries quickly and stains readily.

Gram's staining method followed by dilute carbol fuchsin or

anilin-oil safranin furnishes the most distinctive preparations.

2. Fermentative media. For ordinary purposes, the regular

dextrose, lactose and saccharose bouillons are employed. Freshly

sterilized media are desirable because the anaerobic condition is

much better developed in the closed arm in such media.

For special investigations, where it is necessary to be absolutely

certain of the reaction of an organism upon different sugars,

one of us (A. I. K.) has succeeded in eliminating the chief sources

of error due to heating carbohydrate media, namely, thecaramel-

ization and inversion. This is conveniently accomplished by

sterilizing the sugar separately (as a lo per cent solution) by

two passages through appropriate Berkefeld filters. The sugar

solution is aded to the nutrient bouillon (freed from fermentable

substances by Smith's method) in such amounts that a i percent

solution of fermentable carbohydrate results.- The bouillon is

^ Das Gtihrungskcilbchen in der Bakteriologie, Ccntralbl. /. Baht., vii,

pp. 502-506, 1S9O. V

2 Liborius {Zcitschr. /. Hyg„ i, p. 116, 165, 18S6) was the first to recog-

nize the importance of sugars and particularly dextrose, as a nutritive and

reductive medium. He used 2 per cent, and his example has been followed

without question by the majority of English, French and German investi-

gators Smith iCentralbl. /. Baku, xviii, p. 7, 1895; xxii, p. .19, 1S97) also

finds dextrose very important for the development of anaiirobes but his
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sterilized in fermentation tubes in the usual manner, adding rather

less than usual to provide space for the carbohydrate which is

introduced later.

Media made up in this way have one disadvantage, namely, the

lack of absolute anaerobiosis that obtains when they are sterilized

as one solution. This objection is more imaginary than real,

however, because experience has shown that intestinal organisms

capable of growing in pure culture in the ordinary single solution

media will grow quite as well in the double solution medium.

RESULTS.

Herter and Ward‘ found, using dextrose, Schering's diabetin

(dextrose-laevulose mixture)
,
lactose and saccharose, the follow-

ing average amounts of gas produced by normal stools (sixteen in

all):

Dextrose. Dextrose-lievulose. Lactose. Saccharose.

26.75 27.50 29.9 19.5 mm.

These fermentation tubes had anaerobic arms approximately

95 mm. long. As a rule the lactose tube showed the most gas;

saccharose the least. In conditions of disease the gas volume
varied greatly—in certain instances 50 per cent of the vertical

limb was filled ; in other cases no gas was found.

Our own series indicate in addition that feces derived from
many individuals harboring Bact. Welchii (the gas bacillus) may
form extremely large volumes of gas—even 90 to 100 per cent of

the whole tube—although the average is much less, usually about

45 mm. Pure cultures of B. coli form about 30 mm. of gas under
similar conditions.

Coccal forms when present in numbers, generally inhibit gas
formation: gas may even not be formed at all in certain cases,

although gas-forming organisms are present. Normal infants,

particularly those that are exclusively breast-fed, form as a rule
rather less gas than adults. The volume varies with age and con-

rcsuUs show that 2 per cent is too great a quantity and that i per cent is
far preferable, Marino (foe. ctL) finds from 0.3 to 0.5 per cent even better
and our experience indicates that the lesser amounts are preferable in
many instances.

* Loc. cii.
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dition but fifteen to twenty millimeters represents fairly the aver-
age. The amount furthermore depends upon the relative pro-

portion of B. bifidns present; if the latter organism be abundant,
less gas is formed, because this species produces sufficient acid

to inhibit the growth of the ordinary gas-formers.

Diarrhoeal stools vary in their gas production. In those cases

where large numbers of cocci are brought down from higher levels

of the intestine, relatively small gas volumes are the rule, while

in similar movements associated with large numbers of colon

bacilli, or with organisms of the lactis aerogenes type, a much
greater production takes place.

Mention has already been made of the fact that the fermenta-

tion tube is a particularly simple and efficient apparatus for culti-

vating anaerobic intestinal bacteria. Of these organisms a few

will not grow in pure culture under the same conditions, although

they usually thrive symbiotically with facultative anaerobes.

There can be no doubt that certain substances, particularly

favorable for the growth of these more or less strictly parasitic

forms are carried into the fermentation tube as a part of the fecal

suspension, and during the first eighteen or twenty hours furnish

a suitable pabulum for theirgrowth—material, furthermore, which

is not present in the fermentation tube as it is ordinarily made

up. It is extremely probable that their growth is further aided

by the presence of more readily grooving bacteria which frequently

render the tubes extremely anaerobic by the removal of the last

traces of dissolved oxygen.

In the fermentation tube every transition from almost com-

plete anaerobiosis to aerobiosis obtains and it is possible for bac-

teria to find almost any tension of oxygen from more or less com-

plete saturation in the bulb to practically its entire absence in

the closed arm.

With such favorable conditions—proper food supply and gase-

ous environment—the growths are very varied and in a meas-

ure representative of the organisms originally present in the

feces. This fact is best appreciated after one examines the sedi-

ments, particularly those stained by Gram’s method followed by

the counter stain mentioned above.

The organisms are as a rule much more characteristic morpho-

logically in the deposit at the bottom of the closed arm than is the
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case in the feces from which they were derived, because the major-

ity are in what may be termed the ‘‘active** vegetative stage.

Bacteria in this condition are larger and more nearly typical than

under conditions where they have become attenuated and degen-

erate in their morphology, as frequently happens in the case

of constipated stools. The staining reactions also are much

sharper and more distinctive at this period.

Perhaps the most striking example of the differentiation one

may ordinarily meet with in a sediment from a fermentation tube

is that shown by a common bacterium in infants' stools called by

Tissier, its discoverer, B. hifidus conununis. This organism is an

anaerobic Gram-positive bacillus, frequently occurring with

rather pointed ends in normal infants* stools; not readily recog-

nized and not especially characteristic. Furthermore it is not an

easy organism to cultivate in ordinary media. In fermentation

tubes, however, it grows rapidly and at the end of eighteen hours

shows the peculiarly striking bifid ends to which it owes its name.

This fact, judging from the literature published upon the subject

so far, has hitherto been unrecognized, but it appears to be char-

acteristic, of great constancy, and a unique example of the value

of such examinations. This organism will not grow, or at least

only slightly, in fermentation media in pure ctdture. If, how-
ever, one adds a bit of sterile animal tissue, or inoculates directly

from a stool, together with other bacteria, the growth is marked.
It is advisable, and frequently necessary, to use fermentation

tubes containing plain bouillon instead of the regular fermenta-
tion media. Certain bacteria will not grow well where ferment-
able sugars are present, while others are rapidly eliminated as the
medium becomes acid. B. putrificiis is a good example of such an
organism. Sediments derived from plain bouillon in fermenta-
tion tubes, particularly those which are rendered more suitable
by the addition of sterile animal tissue, frequently show anae-
robic growths that would not be included in carbohydrate solu-
tions.

One point in connection with the fermentation tubes deserves
special mention—gas volumes are frequently variable with the
same individual and it is necessary to cover considerable periods
of time before assigning a special value to this factor in indi-
vidual cases or attaching much importance to deviations from
the average.
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Among the organisms ordinarily met with in the feces, a few
of the more important may be mentioned:

(1) Bact. Welchii, a thick, rather large, strongly Gram-posi-
tive bacillus. In large numbers they give rise to a considerable

augmentation of the normal gas volume, so that the amount is

frequently twice the normal.

An organism described by Herter’ resembles the gas bacillus

morphologically but does not form gas.

(2) B. coli. Short bacilli, about one micron in diameter,

Gram-negatir'^e, These organisms usually determine the gas vol-

ume and it is chiefly to their action that the normal gas volume

is due.

(3) B. lactis acrogenes, somewhat more oval than the colon

bacillus and like that organism, Gram-negative. This form is

not particularly common in the stools of adults- but is present

usually in the excreta of bottle-fed infants and tends to increase

the gas volume, if numerous.

(4) Coccal forms, usuall)'’ Gram-positive. These bacteria pro-

duce as a rule considerable amounts of acid but no gas, and

inhibit to a considerable degree the fermentative action of the

above mentioned forms.

(5) A Gram-positive bacillus mth bifid ends (B. bifidtis). It

is very common in the stools of breast-fed infants. When this

organism is present in numbers, the amount of gas is usually con-

siderably reduced. Its inhibitory action is due, as is the case

with the coccal forms, to its excessive acid production.

In several instances, B. bifidus has been isolated from mucus,

while the remainder of the stool was almost devoid of these forms.

The full significance of the fermentation-tube sediments cannot

be regarded as completel}^ worked out. It is a striking peculiar-

ity of the growths in the sediments that they frequent^ do not

show a multiplication of microorganisms closely representative

of the varieties which are seen in the Gram-stained fields of the

feces. This failure in correspondence between the characters of

the dominant organisms in the fermentation tubes on the one

* Loc. cit.

2 M*\cCoukey (Laclose^ernicnting Bacteria in Feces, Joitrn, of

igos. pp. 333-379)
lactosc-fcrmcnting cultures

from nornuil stools, both animal and human.
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hand and the feces themselves on the other, depends largely

upon the fact that the nutrient conditions are ordinarily radically

altered by the transfer to the fermentation media. This altera-

tion in medium makes it possible for types of bacteria not obvi-

ously dominant in the feces, or, indeed, clearly in the minority,

to gain a relatively prominent position under these conditions.

The fact that such a readjustment of types is liable to occur

has important advantages and equally significant drawbacks.

Without recognizing the disproportionate growth one might

erroneously assume that a much larger portion of a certain flora

is present than is the case; for example fecal fields may contain

small numbers of B. hifidus, yet in the fermentation tubes they

may be prominent. Again, the gas bacilli may dndergo exten-

sive multiplication in the fermentation tube despite the fact that

the fecal material from which they were obtained contains them

in moderate numbers only. Here again one sees the necessity for

controlling the appearances obtained from the sediments of the

fermentation tubes by means of cultures from the stools as well

as by close examination of the Gram-stained fecal fields. Similar

overgrowths occur with the coccal forms, Mic. ovalis {enter0-

coque) ,
streptococci and staphylococci.

The disproportionate growth has its advantages as well as its

disadvantages. Certain typeswhich are significant although orig-

inally occurring in small numbers are thus brought to notice when
otherwise they would be overlooked.

Experience has shown that overgrowths occurring during the
first eighteen to twenty hours of incubation are due to the pres-

ence of significant numbers in the stools, capable of asserting

themselves in the higher levels of the digestive tract, and capable
of enormous proliferation under suitable nutrient conditions.

An excellent example is again furnished by Bad. Welchii. In
patients who have an infection of the intestinal tract with this
organism there may be times of improvement when the numbers
of this particular type in the feces is small, as shown by the micro-
scopic examination of the fecal fields—so small, in fact, that if

the observation were confined to the patient at this time, no
suspicion would be excited of the existing tendency of over-
growth of these organisms in the intestine. Yet upon inocula-
tion of the feces into fermentation tubes a prominent, active
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growth of these organisms is very liable to occur under these con-

ditions.

In contrast with this is the following observation. The fecal

fields from normal nurslings and bottle-fed children commonly

show a few organisms having the morphology of the gas bacillus.

That these bacteria belong in the class of the gas bacilli is

made probable through the fact that by inoculating relatively

large amounts of the feces into rabbits’ ear-veins, with subse-

quent incubation (Welch-Nuttall test) the typical gas-liver will be

developed. Inoculations into fermentation tubes made from

feces of this type of case have, in our experience, failed uniformly

to show overgrowths of this bacillus.

It should be clearly understood that the presence of moderate

or even considerable numbers of Bad. Welchii does not necessarily

lead to overgrowth in the fermentation tube.
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The incentive to make the observations here recorded came

from certain problems suggested by the rapidly extending use

of artificially soured milk which is following closely upon the

publication of Metchnikoff's highly speculative volume, entitled

** The Prolongation of Life." Really decisive experiments bearing

upon the value of what may be termed "sour milk prophylaxis"

are not numerous and even Scriptural quotations have been in-

voked to lend color to, and enhance the meager supply of litera-

ture. One of us‘ has studied the effect of introducing large num-
bers of B, coU, B. proieiis vulgaris and B. acidi laciici into the in-

testinal tract of dogs to determine their action upon indol pro-

duction. Living cultures of B. coli and B. proteiis, for example,

caused an increase of indican and of ethereal sulphates in the

urine.* Killed cultures prepared in the same manner gave little

or no increase in these putrefactive constituents.

' C. A. Herter: On Certain Relations Between Bacterial Activity in

the Intestinal Tract and the Indican of the Urine. Brit. Med. Jour,, 1897,
ii, p. 1847.

* Precautions were taken to prevent the introduction of putrefactive
products derived from the media upon which the bacteria were grown.
The organisms were cultivated upon slanted agar (removed by careful
washing with salt solution, avoiding the inclusion of any portion of the
agar) and then injected.
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Lactic acid bacteria injected directly into the small intestine

in similarly conducted experiments showed a tendency to cause

a reduction in the output of indican and ethereal sulphates.

Following similar lines, Metchnikoif directed the performance

of experiments which lead him to believe that lactic acid-pro-

ducing bacilli once successfully established in the intestinal tract

decrease or even prevent the multiplication of putrefactive

organisms. This inhibiting effect he attributes to the lactic

acid which is produced by microorganisms introduced in these

experiments.

Where putrefactive disturbances are already pi'esent the lactic

acid bacilli appear to reenforce the enfeebled action of the normal

intestinal lactic acid bacilli and increase the amount of acid pro-

duced where it is insufficient, or reintroduce it where it is absent,

thus assisting the host to throw off the “wild races” of bacteria

that may have become habituated to the intestinal tract. This,

at least, is the assumption.

Not all lactic acid-producing bacteria are suitable for this

purpose and the choice of a culture should be based upon the fol-

lowing criteria : First, the organisms should be able immediately

or in time to become habituated to the intestinal tract; second,

they should produce no toxins or putrefactive substances or

other injurious products, detrimental to the host; third, they

should be able to make sufficient lactic acid to accomplish the

purpose for which they are introduced.

The organism which Metchnikoff selected for his researches

was originally obtained from the Bulgarian ferment called “You-

gourt” and the bacillus which apparently is the most potent

lactic acid producer in this ferment has been named B. bulgaricus}

This organism, as we have studied it, is rather long (i X 4-6 mic-

rons)
,
large, with rounded ends, growing singly or in pairs, rarely

in chains. It stains well with the ordinary anilin dyes particu-

larly in young cultures, and is Gram-positive. In old milk cul-

tures some of the rods may be Gram-negative while others pre-

sent a punctate appearance, due apparently to the concentration

of protoplasm in certain portions of the cell which are Gram-

positive, and suggest Ernst-Babes granules, the remaining por-

I Cohendy: Compt. rend, dc la soc. dc biol., l.s, 1906.



C, A. Herter and A. 1. Kendall 295

tions undergoing rarefication of protoplasm and becoming Gram-

negative. On media containing no carbohydrates there is no

growth. On dextrose or lactose agar the growth is slight and

usually appears as small, stellate colonies rarely exceeding one

to one and one-half millimeters in diameter. In stab cultures

on the same media a slight growth appears after three to five

days but always remains limited to the line of inoculation. In

dextrose and lactose bouillon there is usually a feeble growth

after several days, appearing as a fine sediment visible only after

agitating the tube. In milk cultures, on the contrary, the growth

is very vigorous, resulting in a rather finely flocculent coagulum

with a minimal separation of fluid. In this medium considerable

amounts of lactic acid are formed. Bertrand and Weissweiller^

studied the chemical action of B. biilgar'iciis on milk and found

that a slight amount (usually less than 10 per cent), of the casein

is peptonized and apparently utilized as food by the bacterial

cells. A small amount of the fat is saponified while practically

all of the lactose is changed to dextro- and laevo-lactic acid, the

dextro variety predominating. Twenty-five grams per liter of

lactic acid are easily formed and at the same time small amounts
of acetic, formic and succinic acids are produced, usually not

more than half a gram per liter. Inoculations into milk are

active, even after fourteen days, although at the end of three

weeks the bacilli are usually dead. In our experience the amount
of lactic acid produced by B. bulgarictis is sufficient at the end of

forty-eight hours to render the milk unpleasant to the taste, par-

ticularly if previous to inoculation the culture has been fre-

quently transplanted, so that the organisms are in an active

vegetative state. Soured milk prepared according to I^Ietchni-

koff’s directions is said to contain about ten grams of lactic acid
per liter.-

Several investigations have been made by various observers to
determine the effects of the Bulgarian bacillus upon the intestinal
flora and various putrefactive products. Cohendy ^ e.xperiment-
ing upon himself, found that pure cultures of lactic acid bacill
had a tendency to reduce intestinal putrefaction and that the

‘ A>i». dc Vinst. Past,, xx, pp. 977-990, igo6.
* Metchnikoff: The Prolongation of Life, p. iSo.
* Loc. cii.
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organisms could be recovered from the feces without difficulty-

several weeks after the experiment was stopped. He took B.
hulgaricus for about two and one-half months. Pochon‘ con-
sumed cultures of lactic acid bacilli in milk and noted the dimi-

nution of indol and phenol in his feces. Leva^ investigated the

effect of Lactobacilline, milk, and milk plus Lactobacilline upon
the excretion of ethereal sulphates, volatile fatty acids, aromatic

oxyacids, phenol and indican. The experiment was divided

into four periods: (i) a uniform daily diet; (2) diet -f Lac-

tobacilline;* (3) diet -f- Lactobacilline -f- one liter of milk; (4)

diet -f one liter of milk. His conclusions are as follows:

(1) The excretion of ethereal sulphates during the experiment

was practically unchanged.

(2) The excretion of volatile fatty acids \vith Lactobacilline

alone, or milk alone, as well as with Lactobacilline and milk com-

bined, showed a considerable decrease.

(3) The excretion of aromatic oxyacids and hippuric acid was

uninfluenced by milk, decreased distinctly in amount with Lacto-

bacilline, decreased greatly with Lactobacilline -f milk.

(4) The phenol excretion decreased somewhat under the in-

fluence of Lactobacilline alone, as well as with milk alone; there

was a much greater decrease with a combination of Lactobacilline

-f milk.

(5) The indican excretion was very slight at the beginning of

the experiment (too small an amount to measure accurately) and

remained practically unchanged throughout the entire period.

Belonowsky* studied the influence of these organisms upon the

intestinal flora of mice. His method was to contaminate the food

(usually grain previously sterilized by heat) with B. bulgaricus,

allowing the animals to eat sufficient quantities to make certain

that the organisms were actually introduced in large numbers.

His results may be summarized as follows: First, the Bulgarian

‘ Cited by Combe: L'autointoxication intcstinalc, Paris, igo 6 .

’ Leva, J. : Zur Beurteilung der Wirkung des Lactobacillins und der

Yoghmthmilch, Berl. klin. Wochcnschr., xlv, pp. 922-9=4. J 9 oS.

»The Lactobacilline was obtained from ‘‘Le Ferment" Company of

Paris. Leva’s observation that a yeast was present in the Lactobacilline

agrees with our own observation on this point. (See Fig. I.)

^ Ann. dc I'inst. Past., xxi, p. 991. * 9 ° 7 -
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ferment modifies the normal intestinal flora of mice by a general

alteration in their character and by elimination of putrefactive

forms. There is a diminution in the total number of bacteria as

well as a lessened virulence of the feces when these are introduced

intraperitoneally or subcutaneously into other animals. Second,

the action is not attributable to the formation of lactic acid alone,

but also to certain products inhibitory in nature, formed by the

bacilli themselves. Third, the organisms become more or less

established in the intestine about the tenth day in adult mice

and persist without further reinoculation for a considerable but

variable interval of time. Fourth, the cultures seem to have

exerted a beneficial action upon the mice, particularly on those

infected with the organisms of mouse typhus; in this case the

results are due exclusively to the lactic acid.

From these investigations it would appear that many of the

animals fed upon grain contaminated with the Bulgarian ferment

gained in weight, that the feces contained fewer organisms cap-

able of growing upon ordinary culture media, that putrefactive

organisms tended to disappear and that this beneficial action was
due in part to the lactic acid, in part to the products of metabo-

h:,m of the bacteria themselves. The fact that relatively few

of the Bulgarian bacilli are microscopically discernible in the

feces raises the question, In what portion of thq^testinal tract

do these bacilli find their most favorable environment? If they
occur in the upper (duodenal or jejunal) regions of the small in-

testine and only a few gain a foothold in the large intestine (usu-

ally considered the chief site of putrefaction) the organisms must
act from a distance and their products, theoretically at least,

must be less effective than if they were generated at the focus of
infection. No experiments so far have been recorded which an-
swer this question and the present investigation has approached
the problem from this point of view. For our work, which was
undertaken specifically to study the distribution of B.bwlgarjcus in
the intestinal tract, the preparation called Bacillac was employed.
This is said to be made according to Metchnikoff’s personal direc-
tions, cultures of the organism described above (JB. bulgarictts)
being employed for this purpose. This organism is stated to
have been isolated by Metchnikoff. The Bacillac is obtainable
in pint bottles and contains a moderately large, Gram-positive
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bacillus and (by accident or design) a large, oval, Gram-positive

yeast as well (see Fig. i). The bacillus isolated from specimens

of Bacillac grows slowly upon ordinary dextrose and lactose agar,

very poorly in corresponding bouillon media, but luxuriantly in

milk. It produces in the latter medium a soft coagulum which

after standing for a few days becomes massed into more or less

permanent lumps with a moderate separation of fluid. The

acidity increases rapidly and after forty-eight hours becomes

decidedly unpleasant to the taste.

Partly because of its rapid growth, but chiefly because of the

considerable amount of acid which this bacillus produces, it is

easy to obtain cultures of the organism grown in milk at 37° C.,

even if it be originally associated with other organisms. Careful

sub-culturing gives a differential enrichment of the Metchnikoff

bacillus, so that one may obtain it in pure culture, as may be

demonstrated by plating on slightly acid Bierwort agar. In the

present investigation this method of enrichment has been used

successfully for the isolation of the organism from the mixed

intestinal flora.

For experimental purposes a moderate sized Rhesus monkey

was used. The animal received daily half a liter of sweet milk

for a period of three days. The feces were examined for lactic

acid' as well as for organisms resembling the Metchnikoff bacillus

' ‘ Fletcher and Hopkins: Joiini of Physiol., xxxv, pp. 247-309, 190S.

Reagents:

(1) Ver)^ dilute alcoholic solution of thiophene (10 to 25 drops

in 100 cc.

(2) Saturated aqueous solution of copper sulphate.

(3) Concentrated sulphuric acid.

Procedure: 5 cc. strong sulphuric acid, i drop copper sulphate and a

few drops of the suspected mixture are well shaken, then heated for 2 to 5

minutes in a water-bath in a test tube. Cool the solution, add 2 to 3 drops

thiophene solution, replace in water-bath and again heat, watching con-

stantly Lactic acid rapidly and characteristically gives a bright cherry-

red color under these conditions. The lactic acid must be as nearly free

from water and organic matter as possible (ma lie acid and probably other

oxy-acids give the reaction)-
, u i- 1 »•

The lactic acid mav be employed as an alcoholic solution or as a syrupy

residue Acetaldehyde and glyoxylic acid give color reactions with thio-

phene and sulphuric acid, but the copper sulphate used as above destroys
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either culturally or morphologically. In no instance was lactic

acid found.

The experiment with Bacillac was carried out as follows. The

amount of soured milk given was the same as in the control ob-

servations, namely, five hundred cubic centimeters daily. At the

end of the second day, chemical and bacteriological examina-

tions were commenced, but until the sixth day no lactic acid

bacilli were isolated nor could lactic acid be detected in the ani-

mal’s feces. T\vo days later the first positive test for lactic acid

w’^as obtained, using the thiophene reaction of Fletcher and Hop-

kins. The feces were slightly but distinctly acid at this time

—

more acid than upon previous occasions. It was difficult to ob-

tain a satisfactory test for lactic acid from the feces owing to the

presence of a brownish-yellow coloring matter soluble in ether.

But it was possible by removing the ether through evaporation,

taking up the oily residue in water, boiling with animal charcoal,

filtering, washing, and again evaporating to a syrup to obtain a

slightly yellow solution which gave a good reaction mth the

thiophene. Controls made from normal feces of the same animal

(free from lactic acid), which were treated in the same manner,

but to which were added known minute amounts of lactic acid,

gave in every instance the same color reaction. After fourteen

days the monkey was given the usual meal of five hundred cubic

centimeters of Bacillac. Then, after allowing three and one-

half hours for digestion (the whole portion of milk having been
consumed at this time) the animal was killed by chloroform and
examined. Samples taken from the stomach and from various

levels of the small and large intestines were removed with appro-
priate precautions for microscopical, bacteriological and chemical
examination. The material for chemical examination was placed
in ether slightly but distinctly acidified with sulphuric acid. The
bacterial material was inoculated into milk and fermentation
tubes containing dextrose, lactose and saccharose bouillon. The
specimens for microscopical study were smeared on slides and
stained by the Gram method for identification of forms resem-

thcm. If ether is employed for extracting lactic acid, it should be first
washed with water to remove aldehyde bodies. The color produced by
lactic acid is transitory unless the tube be cooled immediately after its
appearance.
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bling morphologically the acid bacillus fed. The animal was in

good health before and during the experiment. At autopsy
about one hundred cubic centimeters of partially digested milk

were found in the stomach. The small intestine contained a

moderate amount of semi-fluid, yellowish, gelatinous substance.

At the ileo-caecal valve the contents were more abundant and

about the consistence of thick paste. The color was a deeper

brown. The color and consistence increased progressively to

the anus, where the feces were solid and fairly dark. The

mucous membrane throughout the gastro-intestinal tract ap-

peared normal, although the reaction of the contents from the

stomach to the anus was distinctly acid to litmus.

The Bulgarian bacilli were present and easily demonstrated by

smears and by cultures in relatively large numbers in the stomach

contents but associated with yeasts. In some instances, particu-

larly where the milk was obviously undergoing digestion, the or-

ganisms showed undoubted signs of degeneration. The staining

was very irregular and faint in such bacilli, whereas the yeasts,

so far as could be determined by microscopical e.xamination,

showed no such changes. In the duodenum and ileum the Bul-

garian organisms were encountered in almost pure culture,

although inoculations into fermentation tubes showed a few

gas-forming bacilli of the colon type. In the region of the ileo-

caecal valve there was a rather abrupt change in the nature

of the bacterial smears. Not only was the amount of fecal ma-

terial greater but the character of the microorganisms was dif-

ferent. B. hulgariciis ceased to be the dominant organism,

although it was still present in moderate numbers. Gas-forming

bacteria were, on the other hand, increased enormously. Gram-

positive rods and cocci were also present. No attempt was made

to identify the latter. From the ileo-caecal valve, progressively

down the large intestine towards the anus, the number of the Bul-

garian bacilli decreased while the number of other bacteria

increased, until at the rectum there were very few Metchnikoff

bacilli but enormous numbers of bacteria of the colon type and

many Gram-positive rods.

Lactic acid was demonstrated throughout the gastro-intestinal

tract as well as in the feces. Although no attempt was made to

determine quantitatively the amount of acid at any level of the
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intestine, the results indicated that much less lactic acid was

present in the large intestine than in the stomach and small intes-

tine. This diminution (shown by the decidedly lessened color

developed by the thiophene, using approximately equal amounts

of intestinal contents) began rather abruptly at the region of the

ileo-cascal valve, and progressively increased to the anus. This

phenomenon was particularly marked in the lower portions of

the large intestine, where the contents were more desiccated.

The amount of material obtained from this region was greater

than was the case in higher levels, while at the same time the

volume of lactic acid was decidedly less, although the ether

extraction was prolonged. This coincides with the relatively

smaller number of lactic acid bacilli fotmd.

CONCLUSIONS.

(1) By feeding a Rhesus monkey for two weeks exclusively

on milk fermented with B, htdgaricus (but containing also some
yeasts) it was possible to maintain an acid reaction throughout
the digestive tract. The acid reaction was more pronounced
above the ileo-caecal region than at this region or below it. The
acidity decreased progressively from the ileo-caecal region to the

anus. Lactic acid was detectable at every point in the digestive

tract that was tested, the reaction growing less marked below
the ileo-caecal region.

(2) Exclusive feeding for two weeks with milk fermented
with B. btdgarictis failed to establish the predominance of this

organism in the ileo-caecal region or in the large intestine. In
the latter situation the number of bacilli of this type was rela-
tively small and decreased towards the anus. Thus in the regions
characterized by most active putrefaction the lactic acid bacilli
failed to establish themselves in relatively large numbers.
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DESCRIPTION OF THE PLATES.

Fig. I. Smear from stomach contents of monkey, three and one-half

hours after feeding Bacillac. Practically pure culture of B, bulgaricns and

few yeast cells. Bacteria show “punctate’* staining due, apparently, to

combined effect of partial digestion and excessive acidity.

Fig, II. Contents of small intestine in the region of the duodenum.

The Bulgarian bacilli predominate. A few punctate forms are seen. The

bacteria are multiplying at this point. The normal appearance of the

bacteria is in accordance with this observation.

Fig III. Contents of the small intestine near the ileo-caecal valve.

Uniformly staining Bulgarian bacteria are present, but not in predominat-

ing numbers as in Fig. II. Gram-negative forms begin to predominate.

Fig. IV. Contents of the large intestine about two feet from the ileo-

caecal valve. A few typical Bulgarian bacilli still persist. One of these

shows the punctate staining seen in the stomach. Yeast cells are also

present. Gram-negative bacilli are the dominant forms.

Fig. V, Feces of monkey. Bulgarian bacilli have practically disap-

peared. They were, however, readily demonstrated by the milk-enrichment

method described in the text.

Fig. VI. Fermentation sediment obtained from a lactose fermentation-

tube inoculated with intestinal contents obtained from the level of the

ileo-c£Ecal valve (cf. Fig. III). No Bulgarian bacilli are present in this

sediment, although they were readily demonstrated in the smear made

at this level as well as culturally in milk. (This figure is introduced to

show that the Bulgarian bacilli do not grow in fermentation media.)

The slides from which these plates are reproduced were stained

by Gram’s method. Magnification, looo diameters. Zeiss 2

mm. homo. imm. apochromatic lens.

Our thanks are due to Dr. Learning of the Rockefeller Insti-

tute for Medical Research for the above photographs.
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Fig I. Smear from stomach contents of monkey, showing great pre-

dominance of B, Biilgarictis and a few yeast cells.
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Plate II.

Fig. III. Smear from small intestine: B, Btdgaricus prominent but not

predominating.

Fig. IV. Smear from large intestine: B. Bulgaricits much less prom-
inent than in regions above.





The Journal op Biological Chemistry,
VOL. V, nos. 2 AND 3.

Plate III.

>
• ’1

\

r V
'

' \

. : .\

V

}

'•

. .‘-.V ' ’/

; ".r/
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FURTHER STUDIES OF THE MODE OF OXIDATION OF

PHENYL DERIVATIVES OF FATTY ACIDS IN THE
ANIMAL ORGANISM. HI.

(SYHTHESIS OF SOME DERIVATIVES OF PHENYLPROPIONIC ACID.)

By H. D. DAKIN.

{From the Laboratory of Dr. C. A. Hertert New York.)

(Received for publication, October 20, 190S.)

In a former communication' it was stated that cinnamoyl-

glycocoll had been identified as an intermediary product in the

catabolism of phenylpropionic acid and phenylvaleric acid.

This result suggested much that is of interest not only with

regard to the mode of catabolism of fatty acids, but also as to

the origin of the unsaturated fatty acids in the body and in

addition, the r61e which glycocoll and other amino-acids play

in fatty acid metabolism.

Knoop*s observation^ of the excretion of hippuric acid follow-

ing the administration of phenylvaleric acid to dogs left the

question open as to whether the side-chain had been oxidized

directly in the ^-position or not, but the observation of the forma-

tion of cinnamoylglycocoll at once proves that, at least in part,

the oxidation takes place at the jS-carbon atom with removal of

two carbon atoms and that a second oxidation in the /^-position

results in the formation of benzoic or rather hippuric acid.

These results furnish a complete proof of the accuracy of the
hypothesis of ^-oxidation advanced in the first instance by
Knoop.

Excluding the intermediary steps in the oxidation, and with-
out representing the glycocoll grouping, the change may be
expressed as follows:

C,H,.CH,.CHj.CH..CHj.COOH-^C^Hj.CH,.CH,.COOH->C4H,.COOH

* This Journal, v, p. 185 (Note added during proof correction).
5 Bcitr, 2. chan. Physiol, u. Pathol, vi, p. 150, 1904.
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The formation of cinnamoylglycocoll following the administra-

tion of phenylpropionic acid can apparently only be explained

on the assumption of a prior formation of phenyl-/3-oxypropionic

acid or a derivative of it, which subsequently parts with a mole-

cule of water to give cinnamic acid or a derivative of cinnamic

acid

:

C,H3.CHj.CH,.COOH-^.C,H3.CHOH.CH..COOH-^C,H5.CH:CH.COOH

It is a curious fact, however, that phenyl-^-oxypropionic acid

itself, administered to an animal, proves to be far more difficult of

combustion than phenylpropionic acid, the acid being excreted

largely unchanged and not combined with glycocoll. It would

therefore appear as if combination with glycocoll might be a

necessary preliminary to oxidation. To test this hypothesis it

was necessary to synthesize the glycocoll derivative of phenyl-

/?-oxypropionic acid and to determine its behavior in the body.

The following paper contains an account of the synthesis of this

substance together with the synthesis of cinnamo)dglycocoll and

some of its derivatives. The synthetic cinnamoylglycocoll was

found to be identical in every respect with the substance isolated

from the urine of animals that had received injections of sodium

phenylpropionate or sodium phenydvalerate.*

Cinnamoylglycocoll was prepared from cinnamic acid which

was converted in the acid chloride and the latter substance was

allowed to interact with glycocoll in the presence of caustic soda,

at a low temperature

:

QH3.CH;CH.CO.CI + i\H,.CH,.COOH=C„H,.CH:CH.CO.NHCH,.COOH
+ HCI

Apart from its behavior as an unsaturated substance, cinnamoyl-

glycocoll resembles hippuric acid closely. On reduction with

sodium amalgam it is converted into phenylpropionylglycocoll.

Cinnamoylglycocoll on bromination in acetic acid solution is

converted into phenyl-a,/3-dibromopropionydgIycocoll which on

boilino- with water is converted into phenyl-a-bromo-j?-oxy-pro-

pionyrglycocoll and this substance on reduction with sodium

amalgam yields the desired phenyl-/?-oxy-propionylglycocoll.

, An account of the animal e.xperiments will be published shortly.
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C,Hs.CH:CH.CO.NH.CHj.COOH-^CeH5.CHBr.CHBr.CONH.CH2.COOH
(cinnamoylglycocoll) (phenyl- a:,.3-dibromopropionylglycocoll)

->C.H..CHOH.CHBr.CO.NHCH2.COOH-»CjHs..CH(OH).CH2.CO.NH.
CHjCOOH.

(Phenyl-a-bromo-^-oxy-propionylglycocoll) .
(phenyl-,9-oxy-propionyl-

glycocoll)

Phenyl-zJ-oxypropionylglycocoll on Jieating Avith concentrated

hydrochloric acid, parts with the element of water to yield cinna-

moylglycocoll.^ On further heating the latter imdergoes hydro-

lysis with formation of cinnamic acid and glycocoll.

C*H5..CHOH.CH2.CO.NH.CH2.COOH-^CgH5.CH:CH.CO.NH.CH2.COOH

+ :CH.COOH -f NH,.CH 2.COOH

Phenyl-a-bromo-j9-oxypropionylglycocoll on boiling with con-

centrated hydrochloric acid is converted primarily into an

almost insoluble substance, which proved to be phenyl- a:-bromo-

^-chloro-propionylglycocoll. On further heating Avith more dilute

acid phenyl-a-bromo-/3-oxypropionic acid is obtained. These

reactions afford convincing evidence of the correctness of the

constitutions assigned to the various substances.

C,H,.CHOH.CHBr.CONH.CH 2 . COOH-^QH^.CHCl.CHBr.CO.XH.CH,.
COOH-»C^H,.CHOH.CHBr.COOH + NH,.CH2.COOH

EXPERIMENTAL PART.

Synthesis of Cinnamoylglycocoll.

Cinnamoylchloride Avas prepared in the usual Avay by acting

upon cinnamic acid Avith phosphorus pentachloride, distilling off

the phosphorus oxychloride and fractionating the residue in
vacuo. The acid chloride quickly solidifies and melts at 35° to
36°. The cinnamoylchloride (16.6 grams) Avas melted and sloAvly

dropped into a flask containing 8.0 grams of glycocoll dissolved in
80 cc. of 10 per cent caustic soda solution. The flask Avas kept in
a freezing mixture and a few cubic centimeters of ether AA’’ere

added in order to assist in dissolving the cinnamoylchloride.
The contents of the flask Avere shaken vigorously until all the

* Tliis reaction is of interest since formation of cinnamoylgb^ocoll in
the body probably results from a similar change.
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cinnamoylchloride had disappeared. The clear solution was then
acidified with sulphuric acid and the precipitate of crude cinna-

moylglycocoll was filtered off, washed with cold water, dried

and then washed with a little ether to remove a trace of cinnamic

acid. The cinnamoylglycocoll was recrystallized from boiling

water and separated in the form of long shining needles melting

sharply at 192° to 193°. The yield of recrystallized substance was

1 5 grams, equivalent to about 75 per cent of the theoretical

amount.

ANALYSIS.

0.2005 gm. gave 0.01358 gm. N. = 6.77 per cent N.

CiiHuNOj requires 6.83 per cent N.

Cinnamoylglycocoll is sparingly soluble in cold water and

moderately soluble in boiling water. It is easily soluble in

alcohol and ethyl acetate but almost insoluble in dry ether, chlo-

roform and petroleum ether. It is a fairly strong acid and

readily forms salts. When dissolved in a little sodium carbonate

solution, it instantly reduces dilute potassium permanganate

and an odor of benzaldehyde is at once noticeable. On boiling

with strong hydrochloric acid it is reconverted into cinnamic

acid and glycocoll.

The synthetic cinnamoylglycocoll was identical in every way

with that isolated from the urine of animals that had received

injections of sodium phenylpropionate or sodium phenylvalerate

and the melting point of a mixture of the substances of different

origin was unchanged.

Reduction of Cinnamoylglycocoll.

Cinnamoylglycocoll, 0.5 gram, was suspended in 10 cc. of water

and treated with 20 grams of 2 per cent sodium amalgam.

After standing for a couple of horns in a warm place the solution

was precipitated with hydrochloric acid. 0.35 gram of phenyl-

propionylglycocoll, m.p. 114°. was obtained. The substance was

identical with that previously prepared from phenylpropionyl-

chloride and glycocoll.
‘

’ This Journal, iv, p. 431. 1908.
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ANALYSIS.

0.2865 gm. gave 0.01932 gm, N{KjeIdahl) = 6.74 per cent N.

CjiHijNOj requires 6.76 per cent N.

Sy^ithesis of Phenyl-§-oxy-propionylglycocolL

PHENYL-a,^-DiBROMoPROFiONYLGLYCOCOLL. Cinnamoylglycocoll

(10.25 grams) was dissolved in 60 cc. of warm glacial acetic acid.

The solution was cooled to a point just short of crystallization and

then bromine (8.0 grams) dissolved in 15 cc. of glacial acetic acid

was added fairly rapidly. While the bromine was being added,

the liquid was well shaken and cooled under the tap. The bromine

was rapidly absorbed and after a few moments the solution was

diluted with ice water and the precipitated phenyha.^-dibromo-

propionylglycocoll filtered off and washed with cold water. The
yield is practically quantitative. The substance when heated

rapidly melts with complete decomposition at 190° to 191®. If

heated slowly it decomposes at a slightly lower temperature.

It is very sparingly soluble in ether and in cold water and insolu-

ble in carbon bisulphide, chloroform and petroleum ether. It is

readily soluble in glacial acetic acid and crystallizes in hard, shin-

ing prisms.

analysis.

0‘204S gni. gave 0.2134 gm. AgBr =* 44.4 percent Br.

0.3621 gm. gave 0.00987 gm. N (Kjeldahl) == 3.77 percent N.
CjjHjjBrjOjN requires 3.84 per cent N and 43.7 per cent Br.

PHENYL-a-BRoMo-/?-oxvPROPiONYi.GnvcocoLL. Phenyl-a, /?-di-

bromopropionylglycocoll readily parts with one atom of brom-
ine when boiled with water. ^ Five grams of the substance were
boiled with 75 cc. of %vater under a reflux condenser until all the
acid had dissolved. The solution was then extracted with ether
in a continuous extraction apparatus for three hours. On eva-
poration of the ether an almost quantitative yield of phenyl-a-
bromo-p-oxypropionylglycocoll was obtained. It crystallizes
in needles and is readily soluble in water, alcohol and ether. It
may conveniently be recrystallized from water and melts at
87® to 88®.

* An estimation of the amount of bromine liberated as hybromic acid on
boiling with water gave 22.7 percent Br. theory demanding 21.92 percent.
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ANALYSIS.

0.3374 gni. gave 0.1380 gm. AgBr == 25.82 percent Br.

0.1672 gm. substance dried at 70° gave 0.00749 gm. N (Kjeldalil) = 449
per cent,

0.2194 gm. substance dried at 70° gave 0.01008 gm. N (Kjeldahl) = 4.59
per cent,

Cj,Hj204 NBr requires 4.63 per cent N and 26,48 per cent Br,

Phenyl-a-bromO'/S-oxypropionylglycocoll when covered with

concentrated hydrochloric acid and gently warmed under a

reflux quickly dissolves and after a few moments a copious separa-

tion of a fine crystalline substance takes place. This substance

is very sparingly soluble in water and crystallizes in hard, highly

refractive hexagonal prisms which melt at 203° to 204° with

complete decomposition. On analysis the substance proved

to be phenyl-a-bromo-/?'chloropropionylglycocoll, the alcoholic

hydroxyl group of the oxy-acid having been replaced by chlorine.

ANALYSIS.

0.1565 gni. gave 0.1602 gm. AgCl, AgBr.
Calculated for Cl,HiiOaNClBr = 0.1622 gm.
0.1S96 gm. gave 0.00S4 gm. (Kjeldahl) = 4.43 percent.

C,,PI|,C>3^^ClBr requires 4.38 per cent.

On boiling with water the substance slowly dissolves with libera-

tion of hydrochloric acid and phenyl-a:-bromo-/?-oxypropionyl-

glycocoll, m.p. 87° to 88°, crystallizes out on cooling. The sub-

stance is almost insoluble in ether but readily dissolves in alkali and

its aqueous solution does not decolorize alkaline permanganate in

the cold.

If instead of filtering off the insoluble precipitate, of phenyl-«-

bromo-/?-chloropropionylglycocoll the boiling with hydrochloric

acid is continued, the precipitate slowly dissolves, especially if the

acid be diluted, and eventually oily drops appear. On cooling the

oil drops solidify and on recrystallization from a mixture of

chloroform and petroleum, phenyl-n;-bromo-/?'Oxypropionic acid

is obtained in the form of crystals melting at 125° to 126°.

pHBNYL-/?-oxYPROPioNYLGLycocoLL. The remaining bromine

atom in phenyl-a-bromo-/?-oxypropionyIglycocoll is readily re-

placed by hydrogen when treated with sodium amalgam in
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faintly acid solution. The substance (5.0 grams) was dissolved in

twenty parts of water and treated with three times the theoret-

ical amount of 2.5 per cent sodium amalgam. The solution was

kept acid by the occasional addition of a little sulphuric acid.

After some hours the solution was strongly acidified with phos-

phoric acid and extracted with ether containing 10 per cent alcohol

in a continuous extraction apparatus. On distilling off the ether

an almost quantitative yield of phenyl-/?-oxypropionylglycocoll

was obtained. The substance is easily soluble in water and
alcohol and crystallizes from a mixture of alcohol and chloroform

or from water in star-shaped aggregations of needles, m.p. 146°

to 147°.

ANALYSIS.

0.1402 gm. gave 0.00875 gm. N (Kjeldahl) = 6.23 per cent N.

C11HJ3O4N requires 6.28 per cent N.

Phenyl-/?-oxypropionylglycocoll dissolved in sodium carbonate
solution gives benzaldehyde when gently warmed with potas-

sium permanganate. On heating to boiling with strong hydro-
chloric acid and at once cooling, a precipitate of cinnamoylglyco-
coll is obtained, which crystallizes from water in long needles and
melts at 192° to 193°. On prolonged heating with hydrochloric
acid cinnamic acid, m.p. 133° is obtained*





CHEMICAL STUDIES IN CYTOLYSIS.

By ALONZO ENGLEBERT TAYLOR.

(Ffcnn the Hearst Laboratory of Pathology, University of California.)

(Received for publication, October lo, 1908.)

The phenomenon of spermatolysis, first described by Metchni-

koff
,
offers in many respects favorable opportunities for the study

of the details and variables of the reaction of cytolysis. The

following report represents the results of an investigation designed

to elucidate the nature of the active factor or constituent in the

spermatozoon which, on inoculation into an appropriate animal,

gives rise to the formation there of the antibody which acts as

the spermolytic agent when the blood of the immunized animal

is mixed with the spermatozoa under consideration. When the

living spermatozoa (or fresh dead sperm) of the salmon {Oncor-

hynchus Quinnat) are injected into a rabbit, the blood of the

animal acquires the power of causing cytolysis of salmon sper^

matozoa. The reaction of cytolysis, under the microscope, is

resolved into two stages. First the spermatozoa swell; later

the cell membrane seems to dissolve or burst, and the proto-

plasm becomes converted into a detritus. The first step, swel-

ling, is not essential to the cytolysis. Whenever these cells are

placed in a salt solution of the concentration of the serum of

the rabbit (that of the spermatic fluid is much lower in osmotic
pressure) they swell. If the serum be an immune one, in addi-
tion to the swelling, the cell wall dissolves or bursts. This
swelling of these cells when placed in salt solution is not a
phenomenon peculiar to these cells, but is one of widespread
occurrence. It can be demonstrated in a striking manner,
macroscopically, by placing ripe salmon eggs in a bottle in a
strong solution of sodium chloride. It might at first be supposed
that under such circumstances salt would pass into the eggs and
Water pass out, that a shriveling of the eggs would occur; in
fact, the eggs swell. This swelling is in all probability due to

$11
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the passage of both salt and water into the eggs, the membrane
does not act as the dividing membrane in an osmosis cell. The
swelling of the spermatozoa in a serum, normal or immune, has
therefore no relation to the cytolysis. This can be proved
directly by mixing the active serum with three parts of distilled

water, when the suspended spermatozoa will undergo cytolysis

without swelling.

To what is this cytolysis of the spermatozoa due? There
can be no purpose in a review here of the now enormous literature

on the subject of specific cytolysis. Two generalized views are

current; one that it is due to a disturbance of the complex
lipoid-protein in the cell membrane, whereby the integrity of

the same is destroyed
;
the second is that it is due to a disturbance

of the complex lipoid-protein in the protoplasm. That the

lipoid fraction is essential to the physical constitution of the

protoplasm as well as of the cell membrane seems quite certain.

It would be easy to say that in cytolysis the colloidality of the

protoplasm or membrane is reduced or destroyed; but little

would be gained in the concrete sense by such an expression.

As is well known, a fractionation of red corpuscles has led to the

conclusion that it is the lipoid fraction which on injection gives

rise to the activation of the serum of the animal receiving the

injections. Since salmon spermatozoa may be obtained at the

hatcheries in large quantities, one may attempt upon a large

scale the fractionation of these cells in the chemical sense; and

attempt to identify and isolate the substance or fraction that

on injection into the rabbit causes the formation of the anti-

body there.

Something over two kilos of salmon sperm was submitted

to such a fractionation. In view of the known chemical compo-

sition of the spermatozoa, due largely to the researches of

Miescher and Kossel, the cells were divided into four fractions:

(o) the protamin; (b) the nucleinic acid; (c) the lipoids soluble

in ether by simple extraction; and (d) the lipoids soluble in

ether after the digestion of the residue of (c) with trypsin.

Rabbits were inoculated for three weeks with ascending doses

of a, b, c and d and with mixtures of c and d suspended in isotonic

salt solution; also with fresh spermatozoa. Protamin is quite

toxic to rabbits
;
the nucleinic acid causes a leucocytosis, but is
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othenvise not toxic in ordinary doses; the lipoids are not toxic

in ordinary doses. Fresh spermatozoa of the salmon are sur-

prisingly toxic to rabbits, and several deaths were due to these

injections. This toxicity is not a matter of salts, isotonicity

or mass of the injection fluid; it is resident in the sperm. The

sera of the several inoculated animals were collected in the

usual manner, conserved upon ice and taken to the hatchery

and tested upon matured freshly recovered spermatozoa.

Except in the case of the sera from rabbits inoculated with

the spermatozoa the results were entirely negative. The active

sera obtained from the animals inoculated with the sperm were

not, however, highly active; a dilution of 10 : i was sufficient to

obliterate the cytolytic action. Curious is the fact that unless

the spermatozoa be fresh, no cytolysis occurs. If the sperm

has been out of the body of the fish for an hour, the spermatozoa

can no longer be cytolyzed by a serum that is effective with the

freshly removed spermatozoa of the same fish. One may infer

that within this hour a coagulation-necrosis has occurred within

the cells. Entirely inactive, as stated, were the sera obtained

from the animals inoculated with the lipoidal, protamin and

nucleinic acid fractions; swelling of the spermatozoa occurred,

but no cytolysis.

It cannot be taken as proved by these experiments that the

activation of a serum is not due to a chemically definable sub-

stance in the cells employed; that it is, to use a poor but expres-

sive phrase, not a chemical but a biological fraction that pro-

duces the antibody in the animal receiving it. It is possible

that the period of inoculation was not long enough. This is,

however, very unlikely, since the period of inoculation with the
sperm, which was effective, was much shorter and concerned
much smaller quantities. It might be that the materials were
chemically altered in the course of the manipulations of isolation.

This could surely not hold for the protamin and the nucleinic
acids; it might, however, have been true for the lipoids. Lastly it

might be assumed that not one substance alone is needed, but
the interaction or combined action of a second substance is

necessary. Thus, it might possibly be not the lipoid but the
complex lipoid-protein that is necessary. Speculation upon this
matter can lead to no result. This experiment proves only one
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thing: that the ether-soluble fraction of the spermatozoa of

the salmon, like the protamin and nucleinic acids, has not the

power of causing in the inoculated animal the formation of an

anti-body capable of producing cytolysis of the spermatozoa

of the same fish.

To Mr. E. M. Ball, director of the Battle Creek Hatchery,

California, I express my gratitude for permission to carry on

the work and for the many acts of courtesy and assistance

extended to me.



ON THE CONVERSION OF GLYCOGEN INTO SUGAR IN THE
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By ALONZO ENGLEBERT TAYLOR.
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(Received for publication, October lo, 1908.)

The older literature of physiology contains many papers deal-

ing with the relation of the liver to the conversion of glycogen

into sugar. The facts that sugar is known as a simple chemical

reaction to be formed from glycogen, that the carbohydrates of

the digestion pass on resorbtion into the portal circulation and

not into the lacteal system, and that the liver contains glycogen

in amounts that are proportionately related to the carbohydrates

of the dietwere sufficient to convince Claude Bernard that glycoly-

sis is a function residing in the Hver. The fact that analytically

it has been difficult to' demonstrate a greater sugar content in

venous than in the arterial or portal blood (of the liver) proves

nothing when it is realized that if in a dog of to kilos weight

100 grams of glycogen were daily converted into sugar in the

liver, the amount of sugar passing out of the liver through the

hepatic vein in each second of time would be a little over i

milligram. The chemical demonstration of the relations is

impossible in the higher animals. The reaction may, however,
be easily studied upon invertebrate material, as the experiment
reported in the following lines will illustrate. An obvious
assumption in the argument is that facts determined upon such
simple material are held to be valid in mammalian physiology.
The large clam of the Pacific Coast {ScJiizoihcsnis Nuiallii)

presents in the liver amounts of glycogen that may nm as high
as 8 per cent of the dried residue. The amount of sugar that is

to be found in the same fresh material is low. These facts are
known to hold only for the material collected at the very low
tides, after the period of feeding. The livers of some twenty of
these large bivalves were carefully freed of the other structures,

0*5
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ground to a pulp, and an adequate amount of toluol added to

prevent bacterial action. A known amount of the total mass
was then placed in strong alcohol in the proportions of i : 3,

and later subjected to analyses for sugar, glycogen and total

nitrogen. From these figures the original substrate of the

reaction experiment (glycogen) and the product (sugar) could

be calculated for the total reaction system. The nitrogen was

determined as a basis for the calculation of the amounts removed

for the analyses of sugar at the stated times. The reaction

material was placed in a jar and suspended into the water of a

deep well whose temperature (12.4°) was nearly constant day

and night, as determined by the thermometer introduced with

the jar containing the material. From time to time known
quantities were removed, mixed with three parts of alcohol,

and later analyzed for total nitrogen, sugar and glycogen. With

a thick mass of this kind, it is not possible to measure accurately

the quantities removed, but by the determination of the total

nitrogen and the comparison of this figure with the figure for

the total determined in the beginning of the experiment, the

exact amount of material removed for analysis could be estimated.

The sugar was estimated by the gravimetric method of Pflii-

ger, the copper being weighed as the reduced metal
;
the glycogen

was estimated by the last method of Pfliiger; the nitrogen

was estimated by the method of Kjeldahl. The data contain

obviously the desiderata of a quantitative experiment. The

original total mass was known, the original total nitrogen,

glycogen and sugar. The several parts removed for analyses

at the stated times were known and the sugar in them deter-

mined by an accurate method. The total concentration of the

system was constant, constant also the temperature. Culture

tests done at the close of the experiment showed the material

to be sterile. From the analytical data the following constants

were obtained by the use of the common equation representing

the progress of a monomolecular reaction:

'if. = C (/I - x)
dt

in which A and x stand respectively for the substrate and the
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product of the reaction—the glycogen and the sugar. The times

given are in hours.

T = 4 8 12 16 26 28 32 38

C (X 10-*) « 70 79 74 48 66 58 58 55

From these constants it is obvious that corresponding to the

gradually decreasing figures for the constants, the curve of reac-

tions falls away somewhat from that representing accurately a

monomolecular reaction. This fact, however, is exactly what

is found in the digestion of starch or glycogen by amylase in

vitro; and the figures obtained in this experiment deviate no

more than these from the normal curve of a monomolecular

reaction. This slowing of the reaction is in all probability due

to a gradual inactivation of the ferment through hydrolysis;

in terms of physical chemistry, the constants fall because the

mass of the catalysor is reduced.

This experiment represents what is commonly called a post-

mortem digestion. Since glycogen diffuses with the greatest

difficulty, it is certain that the reaction occurs in the liver cells

and not in the intercellular fluids. A postmortem digestion

differs from the reaction iit vivo, so far as known, simply in this:

in the living, fasting animal, the sugar is removed from the

liver as fast as formed, the mass of the product of the reaction

is therefore practically nil; the mass of ferment is subject to

variations through new formation by the liver cells. In the
experiment in vitro, it can -be shown that the mass of sugar
present under the conditions of the experiment is of practically

no action in retarding the progress of the reaction. To what
extent variations in the mass of glycolytic ferment in the liver occur
within the same period of time in a fasting animal, is not known.
Under the circumstances, however, we are warranted in assuming
a close analogy between the postmortem and the living hydrolysis
of glycogen in the liver; and the conclusion is thus reached, that
in the living animal the conversion of glycogen into sugar in the
liver is a function of two variables and proportional directly
to them, namely, the masses of glycogen and of glycolytic ferment
in the liver cells.
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By ALONZO ENGLEBERT TAYLOR.
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(Received for publication, October lo, 1908.)

It is a common practice with surgeons to apply ethyl alcohol

to wounds to which carbolic acid has been previously applied in

order to check the prolonged action of the carbolic acid. Alcohol

has also been employed as an antidote to the internal action of

carbolic acid. A review of the chemical properties and relations

of the two substances gives no indications of the possible nature

of the assumed antagonism. It is obviously possible that the

relationship may be either chemical or physical. The suggestive

investigations of Sollmann, published a year ago, tended to

indicate that physical factors were largely concerned and might

possibly explain the facts entirely. It is possible, however, to

test experimentally the hypothesis of a chemical antagonism,

and such an investigation forms the subject of the present com-
munication.

Yeasts are all more or less sensitive to the presence of alcohol

in their culture media. For this reason fermentation ceases in

many wines before the sugar contained in the grape-juice has
been wholly converted into alcohol and carbon dioxide. Not
only are the living yeast cells affected by higher concentrations of

alcohol; the activity of the isolated ferment, the zymase, is also

depressed by the presence of more than minimal amounts of

alcohol. In this respect, however, yeasts vary. Through the
kindness of Dr. Arthur Lachmann I have come into the posses-
sion of a wine yeast that ferments sugar in the presence of 15
per cent of alcohol. In a solution of 10 per cent of alcohol this

yeast ferments sugar quite as actively as in the absence of alco-
hol. Since this yeast is very sensitive to the antiseptic action of
carbolic acid, it presents a material for direct experimentation
on the relations between alcohol and carbolic acid. In the ulti-

319
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mate interpretation of the experimental results, the argument
obviously assumes a complete analogy in this regard between
the yeast cell and the animal cells. If alcohol be held to detoxi-

cate carbolic acid in its action upon animal cells, we assume that

it should diminish the toxic, that is, the antiseptic action upon
yeast cells. If the carbolic acid were in any way chemically

detoxicated by the alcohol, its antiseptic property ought to

display a corresponding reduction. It is, of course, well known
that plant and animal cells display widely varying reactions to

chemical substances, dependent in many instances upon varia-

tions in oxidation—and reduction—^ferments. In the system-

atic investigations of the reactions of chemical substances

in plant and animal cells, any parallelism could in no wise be

assumed. In the present instance, however, dealing with a

substance like carbolic acid, possessing highly toxic action upon

both plant and animal cells, it may be fairly assumed that the

modtis operandi of this toxic action (and ipso facto of its de-

toxication) is the same in both instances.

The experiment calls for a series of fermentation tests with

varying concentrations of carbolic acid (from i : looo to i ; 500,-

000) mixed with standard solutions containing 10 per cent of

alcohol, 2 per cent of glucose, 0.5 per cent of peptone and the

salts commonly added to the culture media employed with yeasts.

The velocities of the fermentations, measured in terms of carbon

dioxide, were compared under constant conditions of control

with those displayed in exactly similar tests in the absence of

carbolic acid. The experiments were repeated with variations

in the temperature and in the contents of sugar, alcohol and

yeast—always with the same results.

The results were entirely negative to the idea of a chemical

detoxication of carbolic acid by alcohol. Alcohol does not

reduce in the least the antiseptic action of carbolic acid. The

yeast used in these experiments was sensitive to as high dilutions

of carbolic acid as i : 100,000; at i : 10,000 fermentation was

practically inhibited. This marked action of carbolic acid was

in no wise retarded or inhibited by the presence of 10 per cent

of alcohol. The presence in the media of soluble sulphates

reduced appreciably the toxicity of the carbolic acid; but alcohol

in no concentration had any such effect.



321Alonzo Englebert Taylor

On the contrary, with high concentrations of alcohol and low

concentrations of carbolic acid, the alcohol seemed to increase

to some extent the toxicity of the carbolic acid, A i : 100,000

concentration of carbolic acid was more toxic in the presence

of 10 per cent of alcohol than without it. This is in all prob-

ability an expression of the action of the alcohol upon the outer

membrane of the yeast cells, rendering it more permeable to the

entrance of the carbolic acid. The presence of as much sodium

chloride as the yeast is known to tolerate alone, heightened the

toxic action of the carbolic acid. This is, however, an expres-

sion of the law of partition; the presence of the sodium chloride

renders the culture medium less of a solvent for carbolic acid,

which has the effect of increasing the relative solubility of car-

bolic acid in the protoplasm of the cells. The presence of

alcohol in the culture medium renders it a better solvent for

carbolic acid, which would tend to reduce its relative solubility

in the cell protoplasm, thus lowering its toxicity; since the con-

trary result in toxicity is observed, we are warranted in inter-

preting this as the effect of the alcohol upon the membrane of

the yeast cells, whereby it is rendered more permeable to car-

bolic acid.

These experiments tend therefore to prove that there is no
chemical detoxication of carbolic acid by ethyl alcohol, and
that the effect observed in therapeutic practice must rest upon
some physical basis. With this conclusion the more recent
investigations of Sollmann are in full accord.
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(Received for publication, August 22, 1908.)

As far as we are aware no analytical investigation of the com-

position of invertebrate blood cells has been published; and we

know of no efforts to isolate the substances of which such cells

are composed. The present research was begun as an attempt

to undertake such studies upon favorable material. It was

thought that Limuhis would prove excellent for the purpose

because of the ease with which considerable quantities of blood

may be procured from this animal, and also because, as has been

shown by L. Loeb,^ there is but one kind of cell in the blood.

However, we soon abandoned the attempt to study unchanged

Limtilus blood cells because of the difficulty of preventing large

quantities of blood from clotting. Coagulation may be prevented

by the methods of both Halliburton^ and L. Loeb.^ These meth-

ods necessitate the working up separately of small quantities

of blood and involve more labor than we were able to give. In
the light of our present knowledge such a study of unaltered cells

seems worth this labor, and, it is hoped, mil be attempted. In
the present investigation only the clot was studied. Halli-

burton^ believed that material from the plasma entered into the
clot in addition to that derived from the cells. Howell,^ on the

^ Folia Hoemaiologica, iv, May, 1907.

Journ. of Physiol., vi, pp. 300-335, 1885.
* L. Loeb: Ucber die Koagulation des Blutes einiger Arthropoden,

Bciir. s. chem. Physiol, u. Pathol, v, p. 192; Vergleichende Untersuch-
'ingen iiber die Thrombose, Arch. f. path. A^iat. u. Physiol, clxxxv,
1906; Studies on Cell Granules and Amoeboid Movements of the Blood
Cells of Limulus, Univ. of Pa. Med. Bull, May, 1905.

* Loc. cit.

* Johns Hopkins University Circ., v, p, 4, 1885.
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other hand, believed, upon purely -morphological evidence, that

the cells alone form the clot. Microscopical appearances, how-
ever, can not be regarded as capable of settling such a question

as this. Experimental evidence is needed, and this has been

furnished by L. Loeb‘ who, by showing that fibrinogen cannot

be prepared from Limuhis blood and that the plasma deprived

of its cells cannot be made to clot, has established the fact that

the clot of Limuhis is formed of the agglutinated cells. We
have not specially concerned ourselves with this question. We
have made no attempt to prepare fibrinogen; but numerous

incidental observations as well as our inability to obtain unmis-

takable fibrin from the clot bring our results in harmony with

Loeb’s finding that fibrinogen is absent.

We were also able to observe the apparent secondary coagula-

tion described byLoeb." We have not yet completed our inves-

tigation of the material involved in this phenomenon. Our

studies, as far as they have at present proceeded, give no indica-

tion that a formation of fibrin takes place, and therefore support

Loeb’s interpretation of this phenomenon.

Our present paper deals merely with the chemical composition

of the insoluble material of the clot. Following Loeb, we propose

to call it cell-fibrin.

The clot is composed of tough elastic fibrous masses, which,

when freed from adherent serum, are white or slightly yellowish.

The clot itself does not reduce Fehling’s solution, but does so

powerfully after hydrolysis with mineral acids. The serum does

not behave in this way. L. Loeb'* made a simple chemical study

of the clot, with which our findings are consistent. He found

that the clot swells in alkalies but not in acids. It is coagulated

by heat. After long boiling with 5 per cent potassium hydroxide

he was unable to get a reduction of cupric oxide. This is all

quite consistent with our findings that reduction takes place

only after inversion. Loeb concludes that it is not mucin. This,

as will appear, is also our own conclusion.

We prepared the insoluble protein of the clot, the cell-fibrin,

’ Beitr. s. chem. Physiol, u. Pathol., vi, p. 279; Arch, f, path. Amt. u.

Physiol, clxxiii, p. 48.

’ Beitr. s. chem. Physiol. «. Pathol., v, p. 194.

* Arch. f. path. Anat. u. Physiol, clxxiii, p. 37.
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as follows: The pieces of clot after thoroughly washing with 5

per cent sodium chloride were ground to a fine pulp in a porce-*

lain balhmill with 5 per cent sodium chloride. The salt solution

was removed by straining through raw silk, and the extraction

repeated. The material was then ground up repeatedly with

distilled water. It was quite insoluble in distilled water, salt

solutions and dilute acids; but slightly soluble in alkaline car-

bonates, and readily soluble only in caustic alkalies. It was,

therefore, ground up in the mill with 2 per cent sodium hydrox-

ide, filtered, and the clear filtrate precipitated by means of an

excess of acetic acid. This precipitation was repeated. The

acetic acid did not completely precipitate the protein. After

removal of the acetic acid precipitate, a little more could be

precipitated from the clear filtrate by hydrochloric acid. Whether

this precipitate is identical with the acetic acid precipitate could

not be decided for lack of material.

The cell-fibrin prepared in this way still gave a good reduction

with Fehling^s solution after hydrolysis with mineral acid. It

also gave the Molisch-Udransky and the orcin reactions. We
therefore assumed it to be a mucoid. On analysis, however, it

proved to be poor in sulphur (0.62 per cent). In a mucoid con-

taining chondroitin-suiphuric or glucothionic acid more sulphur

is to be expected. Moreover the small sulphur content pointed

to a very large molecular weight. Inasmuch as this protein

does not exist preformed in the blood, but must be formed in the
process of clotting, it is probably a decomposition product of a
more complex substance of even greater molecular weight. These
considerations led us to suspect the purity of our preparations
and to endeavor to purify them further. After repeated solu-

tions in dilute sodium hydroxide and precipitation with acetic
acid, the power to reduce Fehling’s solution, or to give the Molisch-
Udransky and orcin reactions disappeared. The substance
which is responsible for these reactions will form the subject of
a future communication. The preparations were then washed
salt-free, treated with alcohol and ether, and dried in the
Schmiedeberg drying apparatus in vacm over sulphuric acid at
70° C.
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Preparation I gave the following analytical results:

0.2097 substance gave 26.8 cc. dry N at 17® and 768.5 mm.:
N = 15.21 per cent.

0.2163 of substance gave 27.4 cc. dry N at 17° and 76S.5 mm.:
N = 15.08 per cent.

0.2466 gm. of substance gave 0.1565 gm. HjO : H = 7.10 per cent.

0.2129 gni. of substance gave 0.3771 gm. CO3 and 0.1336 gm. H3O :

C = 48. 3 1 per cent; H = 7.02 per cent.

0.22SS gm. substance gave 0.4039 gm. CO3; C = 48.14 per cent.

0.4692 gm. substance fused with NajOj according to the method of

Folin, gave 0.0213 gm. BaSO^ : S == 0.61 per cent.

These figures do not represent the true percentage composition

because unfortunately no ash determination was made and they

can not be recalculated for the ash-free substance. It was not

supposed that after the frequent reprecipitations and thorough

washing appreciable amounts of ash could still be present. Such

is, however, the case as an ash determination on Preparation II,

which had been dissolved in sodium hydroxide and precipitated

oftener than Preparation I showed,

0.2429 gm. of substance yielded 0.0107 gm. ash or 4.3 per cent. The

ashing was done in platinum, and after the weight had been recorded the

ash was boiled out with hydrochloric acid. Very little went into solution,

the bulk of the ash consisting of silica. There was present also a little

calcium but no magnesium, iron, copper or phosphorus. Whether the

silica is present in organic combination with the protein or is merely an

accidental contamination from the mill is a question which will be sub-

jected to further investigation.

The analytical figures obtained for Preparation II checked

fairly well with those obtained for No. i, though they were a

little lower, pointing to a little greater ash-content for No. IL

They are as follows;

0.1981 gm. substance gave 24.9 cc. dry N at iS° and 770 mm.: N =•

14.94 per cent.

0.19S5 gm. substance gave 0.3495 gm. CO3 and 0.1229 gm. H3O: C =*

48. 02 per cent; H == 6.9 per cent.

Recalculated for the ash-free substance these figures become: C, 50.15;

H, 7.1; N, 15.60 per cent.

In order to verify the sulphur determination a third Prepara-

tion was used which had been precipitated once more than Pre-
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paration II. As the sulphur content was so low a great deal of

material was used to minimize the errors of the method.

I 2666 gtn, substance yielded 0.0516 gm. BaS04: S « 0.55 per cent.

This preparation contained 4.2 per cent of ash. The sulphur content of

the ash-free substance then becomes 0.57 per cent.

These results were controlled by a determination in which the

oxidation was carried out in silver by fusion with a mixture of

sodium hydroxide and potassium nitrate. The result did not

check up very well, but was quite a little lower than in either of

the others.

To summarize, the substance has the following characteristics:

It is soluble readily only in caustic alkalies, and precipitated

from its solutions by acids, not being soluble in an excess. It

gives the biuret reaction well; Millon's very faintly, if at all;

HopkinS‘CoIe weakly but distinctly. Molisch*s reaction and the

orcin reaction are negative. Boiled with an alkaline lead solu-

tion it fails to give more than a faint trace of black color. Hence
there is no evidence that it is in any way related to fibrin. It

contmns little or no tyrosin (negative Millon reaction) and is

poorer in carbon, nitrogen and sxilphur than fibrin, though
richer in oxygen. It is of course possible that the low nitrogen

and sulphur content is due to the treatment with alkali. To
test this question we subjected some fibrin, prepared by defibri-

nating ox blood and washing, to exactly the same treatment. It

was dissolved in alkali of the same strength in a ball-mill and
the alkali allowed to act for the same length of time. It was
precipitated with acetic acid and redissolved in alkali. At this

point its behavior was quite different. The Ltmulus material
went into resolution with difficulty, the fibrin with ease. The
fibrin was reprecipitated and washed salt-free and analyzed. It

contained 1.22 per cent of sulphur and 15.85 per cent of nitro-

gen (Kjeldahl), Evidently, therefore, if the LimuUis material
owes its low sulphur content to the treatment with alkali, it

must be derived from some other material than ordinary mamma-
han fibrin. Whether the fibrin of invertebrates would behave
m the same way on solution in alkali is, of course, unknown. We
ought really to have used such a fibrin, but as nothing is known
about it, it would have involved an independent research such
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as we hope to undertake at another time. Finally, it must be

borne in mind that we have no other guarantee than the fairly

constant percentage composition that we are dealing with a pure

substance.

Our substance is clearly an albuminoid and its Ioav sulphur

content as well as the negative or low tyrosin content point as

clearly to a relationship with the glutin or elastin group. It

differs from both in having a larger oxygen content, about 26 per

cent. Elastin has a little less than 22 per cent; collagen nearly

25 per cent; and the collagen derivative, gelatin, about 25.25

per cent. As far as the oxygen content is concerned, our sub-

stance, therefore, is nearer to the glutin group. Its sulphur

content, which is higher than that of elastin, also points to its

belonging among the glutins. Its solubilities also fit in better

with the glutins. It is not so insoluble as elastin. It is, to be

sure, more soluble than collagen itself, and far less soluble than

gelatin; but there is one member of the glutin group which has

somewhat similar solubilities. This is the glutolin discovered by

Faust^ in the blood serum of the horse. This substance has

about the same sulphur and hydrogen content, though about i

per cent more carbon and 2 per cent more nitrogen. Only in its

low nitrogen content does our substance differ very profoundly

•from glutolin. In spite of the fact that it contains 4 per cent

less carbon than elastin, the C:N ratio of our substance (37.5:10)

is almost the same as that of elastin and quite different from

that of glutolin (34:10). In this respect our substance is near

to fibrinoglobulin or fibrinogen, though there are no other signs

of relationship, and many totally dissimilar properties (among

others C:S ratio).

The C:N ratio of glutolin itself is, as Faust pointed out, nearer

to that of the ordinary proteins than to that of the other members

of the glutin group; and he, therefore, gave it an intermediary

position between the other glutins and the ordinary proteins.*

The glutins can be arranged in a series according to their C:N

ratios beginning with gelatin, with the highest nitrogen content,

and ending with glutolin, with the lowest nitrogen content;

‘ Arch. f. exp. Path ». Pharm., xli, p. 309(1.

» Loc. cit., p. 3 ®:'’
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collagen and conchiolm occupying an intermediary position.^

Our substance would be still more extreme even than glutolin»

having both a lower nitrogen content and a higher oxygen con-

tent. In this respect it is nearer the ordinary proteins. It,

nevertheless, seems to belong rather to the glutin {or elastin)

group, as its insolubility, its low sxdphur content, its negative

Millon reaction, clearly indicate. Definitely to settle its position

will, however, require a study of its component amino-acids, a

task that will be undertaken with more material in the future.

It is hoped that other properties not hitherto studied because of

lack of material will then be investigated.

If we are in fact dealing with a member of the glutin group,

it is not many times before that such a substance has been iso-

lated from an invertebrate and characterized chemically. Ac-

cording to V. Furth* collagen has never been convincingly demon-
strated in invertebrates. It is interesting to note that an animal

which, like Limulus, has the matrix of its skeleton composed of

chitin instead of collagen, perhaps contains a glutin substance.

It will be interesting to investigate, as we propose to do, whether
the tendons, etc., of this animal contain a glutin, and if so, whether

it resembles the cell-fibrin we have described.

It is, moreover, interesting that the cells of the blood of inverte-

brates have many points in common with the platelets of higher

forms.^ Whether the similarity extends to the chemical com-
position is a question that demands investigation. Perhaps
agglutination thrombi are composed of a material like Limuhis
cell-fibrin. It is not beyond the range of possibilities, judging
by the points of resemblance between Limulas cell-fibrin and
Faust’s glutolin, that the latter may be derived from the plate-

lets. We, therefore, propose to study the platelots from this

point of view.

' Cf, Faust: Loc. ciL^ p. 319.
^Cltemische Physiologic dcr nicdeten Tiere.

*Deckhuyzen: Ajicr, Ans.,xix, 1906; L. Loeb: Bextr.z. chcm, FhysioL
u. PalJjoI., V, p, 19 7; Folia hccutatologica, iv. May, 1907.
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The most important enzyme of the saliva is ptyalin. Its

action according to the best authorities is the splitting of starch

into maltose. Some investigators say it also acts on maltose,

splitting it into dextrose. Not much stress is laid on the sup-

posed presence of a second enzyme in the saliva, namely, maltase.

In several of the best text-books on physiology, however, it is

mentioned as being present in the saliva.

It occurred to us that the maltase in the saliva might be

increased on a carbohydrate diet and decreased on a protein

diet. Neilson and Lewis^ have shown an increase in the amylo-

lytic power of human saliva on a carbohydrate diet and a decrease

on a protein diet. The object of this paper is to determine

whether a similar change may be found in the action of saliva

on splitting maltose.

The “adaptation** of the digestive glands to the character of

the food has received considerable attention in recent years.

WassilieP and Lintwarew^ have shown that in dogs the quality

of the pancreatic juice as well as the quantity of the enzymes is

dependent on the food of the animal. Ellinger and Cohn^ have
shown that the human pancreatic juice is affected by diet as

Walter® has shown for the dog. Weinland® has shown that the

pancreatic juice of the dog ha.s lactase present on a diet con-

* Neilson and Lewis: This Jouryuxl, iv, p, 501, 1908.
^Wassilief: Arch, des bioL^ St. Petersburg, ii, p. 319, 1893.
^Lintvvarew: Biochetn. Ceniralbl., i, p. 201, 1903.
* Ellinger and Cohn: Zeitschr, /. physiol. Chem,, xlv, p. 201, 1908.
* Walter: Ibid., vii, p. x, 1899.
* Weinland: Zeitschr. f. Biol., xxxviii, pp. 16 and 607, 1899; xl, p* 386,

igoo.



332 Effect of Diet on Saliva

taining an excess of lactose. Neilson and Terr}* have shown
that the amylolytic action of dog’s saliva is increased on a

carbohydrate diet.

Method. The subjects for these experiments were students.

No change was made in their manner of living other than the

change in diet. This diet consisted of two kinds
; one an excess of

carbohydrate food
;
the other an excess of protein food. Coffee,

tea, milk, or beer were allowed if the subjects were accustomed

to use them. Since the taking away of liquids might increase

the concentration of the saliva it was thought best to allow the

usual liquids.

The saliva was first tested for three consecutive days while

the subjects were on a mixed diet. In testing this saliva the

following experiments were done:

A definite quantity of saliva (25 cc.) was collected. The

amylolytic power of the saliva was first tested. Two and one-

half cubic centimeters of saliva were diluted to 100 cc. with dis-

tilled water Ten cubic centimeters of this diluted saliva were

placed in a 250 cc. Erlenmeyer flask containing 75 cc. of 2 per

cent arrow root starch and 15 cc. of water. The total contents

of the flask were warmed to 37.5° C., the temperature of the

incubator. The flasks were thoroughly shaken, placed in the

incubator and left for 20 minutes. At the end of this time the

contents were boiled, cooled to room temperature and the

amount of maltose produced determined by Haines’ titration

method. A control was always made with boiled saliva.

The experiments to show the action of the maltase in the

saliva were made as follows:

In a 250 cc. Erlenmeyer flask i gram of maltose in 45 cc. of

distilled water was placed. The contents were warmed to 37-5°

C. To one flask 5 cc. of undiluted saliva were added and the

contents of the flask at once boiled To the other flask 5 cc. of

undiluted unboiled saliva were added. These flasks were placed

in the incubator and left for one hour. At the end of this time

the contents were boiled and made up to 100 cc. with distilled

water. This dilution made a solution of i per cent maltose.

The reducing power was determined by the Haines titration

‘ Neilson and Terry: Avwr. Journ. of Physiol., .xv, p. 4o<5, 1906.
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method. The result from the flask with the boiled saliva was

for a control. The r6sult from the flask with the unboiled saliva

showed the action of the maltase in the saliva by the increase in

reducing power over the control. Maltose has approxLmately

one-third less reducing power than dextrose. If maltase were

present we would expect to find the reducing power of the solu-

tion with imboiled saliva to be greater than the boiled saliva.

This increase in the reducing power of the solution with the

unboiled saliva is due to the action of the maltase in the saliva

splitting the maltose into dextrose. This increase was found

in every case without exception.

A polarimeter determination was also made with the contents

of each flask. The solution with the unboiled saliva always

showed a smaller rotation than the solution with the boiled

saliva. This result one would expect as the power of rotation

of dextrose is much less than that of maltose. In many of the

experiments it was necessary to filter through animal charcoal

to clear the solution before the polarimeter readings were made.
The amylolytic power of the saliva of the subjects on a mixed

diet and the power of this saliva in splitting maltose were used
as controls for the saliva when the subjects were placed on a
carbohydrate or protein diet. Twenty-four hours after the

protein or carbohydrate diet was started, the amylolytic power
of the saliva and its maltose-splitting power was determined.
The amylolytic power of the saliva was estimated in order to

determine whether the change in maltose-splitting power was
parallel with the change in the amylolytic power of the saliva
from the subjects on the different diets.

In Table i the increase of the maltose-splitting power of the
saliva from those on a carbohydrate diet and the decrease on a
protein diet is seen. This change is calculated in per cent using
as a basis the maltose-splitting power of the boiled saliva. Of
course, the boiled saliva had no splitting power and its reducing
power was that of pure maltose as none of the maltose had been
Split into dextrose. The reducing power of the boiled saliva
Was considered as 100 per cent. We now have the maltose-
splitting power of the saliva from the subjects with stated diet.
To show the effect of this diet these results are compared with
the maltose-splitting power of the saliva from a mixed diet.
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In every experiment without exception a carbohydrate diet

increased the maltose-splitting power of the saliva and a protein

diet decreased it. This change is parallel to the change in the

amylolytic power of the saliva on the same diet.

TABLE 2.

EFFECT OF VARIATION IN CONCENTRATION OF MALTOSE.

The time and amount of saliva are constant.

SOLUTION.
5 grama
maj tose.

1 gram
1 maltose.

1.5 grams
maltose.

2 grams
maltose.

4 grams
maltose.

The reducing power of each

amount of maltose plus

45 cc. water and \
5 cc. boiled saliva /

45 cc. distilled water ^

per cent. per cent. per cent. per cent. per cent.

100 100 100 100 100

5 cc. unboiled saliva
J

'
126 132 130

1

120

j

116

EFFECT OP VARIATION IN AIHOUNT OP SALIVA.

The time and amount of maltose are constant.

2.5 cc.
saliva.

5 cc.

saliva.
10 cc,
saliva.

The reducing power of each solution containing

1 gram of maltose and the different

amounts of boiled saliva plus enough

per cent. per cent. per cent.

100 100 100
water to make 50 cc

1 gram, of maltose plus the different!

amounts of unboiled saliva plus enough
water to make 50 cc

!

116

1

133
1

132

EFFECT OF VARIATION IN TIME.

The amount of maltose and saliva are constant.

RCDUCINO POWER AND TOfB.

SOLUTION.
i hour. 1 hour. 11 DOUr.

1 gram maltose )

45 cc. water

percent.

100
5 cc. boiled saliva (control)

j

1 gram maltose 1

45 cc. distilled water BB 134
5 cc. Unboiled saliva
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In all the experiments polarimeter determinations were made

and they always agreed with the results obtained by the reduc-

tion method. The polarimeter readings are not given as they

would make the tabulated results too complex.

In Table 2 the effect of variation in time, amount of maltose

and the amount of saliva is seen. These experiments show that

in the higher concentrations of maltose, for instance, a 4 per cent

and 8 per cent solution (2 grams and 4 grams in 50 cc. of solution)

the maltose-splitting power of the saliva is lessened. The opti-

mum concentration is 2 to 3 per cent maltose. The amount of

splitting is not proportional to the amount of saliva used in the

experiments. It is proportional for 2.5 cc. and 5 cc. but not

when 10 cc. were used. The amount of splitting is not directly

proportional to the length of time of the experiment.

In diagram above a curve to show the change in the maltose

splitting power of the saliva on different diets is given.
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We see from these experiments that a change of diet produces

a change in the maltose-splitting power of the saliva. The

change is parallel to the change in the amylolytic power of the

saliva on the same diets. As the amylolytic power of the saliva

increases on a carbodydrate diet, the maltose-splitting power

increases in approximately the same ratio. On a protein diet

the amylolytic power and the maltose-splitting power decrease

in the same ratio. These experiments seem to add further proof

in favor of adaptation to diet.

If the action of ptyalin and maltase be specific, then the

explanation lies in the increase of the amount of maltase or the

secretion of a maltase with greater splitting power. The increase

of the concentration of the saliva on a carbohydrate diet with a
relative increase in the amount of maltase would also offer an
explanation.

If the ptyalin has both an amylolytic and maltose-splitting

power the increase in the quantity or action of the ptyalin would
explain these results. No attempts were made to determine
whether the result is due to the action of ptyalin or to the action
of the maltase.
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r. INTRODUCTION.

Among the many plants about which we know little or nothing
chemically is Ibervillea Smotcs, Some of the largest tubers of

this species were collected by Dr. D. T. MacDougal in Sonora,
N. M., in 1902. At the suggestion of Dr. MacDougal, and under
the direction and with the assistance of Dr. William J. Gies, this
study of the stem^ (**root”) was undertaken. An effort was
made to ascertain its general chemical composition. We also

endeavored to determine the nature of the substance or sub-
stances in it which account for the poisonous qualities attributed
to it by the inhabitants of the regions in which it is found.

' The work on chemical composition was done by Miss Emerson at the
York Botanical Garden. The experiments on the toxicity of the root

Were carried out by Mr. Welker in the Laboratory of Biological Chemistry
o Columbia University, at the College of Physicians and Surgeons, New
York.

* Knox: Bulletin of the Torrey Boia^iical Club, xxxiv, p. 329, 1907. See
*he second footnote on p, 341

339
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II. HISTORICAL.

(1) A genus under the name of Sicydium was described by
Schlechtendal in 1832 {Linna^a, vii, p. 388), based upon Sicydium

SchiedeanwHy a Mexican plant.

(2) Gray described in 1850 Sicydium Lindheimeri {BosU Jour.

Nat, Hist,, vi, p. 194) from Texas.

(3) Sicydnmi Lindheimeri was made the type of a new genus,

Maximowiczia, by Cogniaux, in 1881 {JD, C, Monog, Phan,, iii, p.

726).

(4) Maxhnowiczia Sonorce was described by Sereno Watson

in 1889 (Proc, Amer, Acad, Arts and Sci,, xxiv, p, 51).

(5) As the name Maximowiczia had been used before 18S1 for

another genus (by Ruprecht in 1859, for a genus of Magnoliaceae),

Greene {Erythea, iii, p. 75, 1895) substituted for the cucurbita-

ceous genus the name Ibervillea, andMaximowiczia Sonorce thus

became Ibervillea Sonarce.

III. GENERAL DESCRIPTION OF THE SPECIES SONORAE.

Ibervillea belongs to the Cucurbitacese or Gourd family, and

has been found in Mexico, New Mexico, Texas, and California.

As Watson^s (4) is the only full description of the species Sonorse,

it is quoted below.

Climbing, glabrous throughout, the large root (stem) projecting above

ground; leaves four inches broad or less, twice three-cleft nearly to base,

with broad sinuses, the lobes coarsely sinuate-toothed; male flowers race-

mose, short-pedicellate, the calyx-tube cylindrical, 3 lines long; petals

pubescent, villous within, bifid; fertile flowers on peduncles a to 3 lines

long; ovary ovate, long-attenuate above; fruit ovate, abruptly stout

beaked, amber colored i i to i i inch long, smooth with a thick fleshy rind;

placentae many (about 14) seeded; seeds covered with a red pulp, com-

pressed, rough coated excepting the smooth margin, obovate or oblong-

obovate with a broad base, 3 lines long or more.

This species much resembles M, Lindheimeri, but the leaves are more

dissected and the ovary and fruit more attenuate above, and the seeds

though decidedly turgid in the young* fruit, become compressed and are

peculiar in their generally very rugose-tuberculate surface. The green

fruit is described as having about ten longitudinal rows of white dots.

The upper side of the swollen underground portion where it is

exposed to the light is of a green-gray color owing to chlorophyll

just beneath the periderm, while the upper side is thicker, brown
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and without the green. The substance of the “root “ is much the

same throughout; firm, fibrous near the stem or a bud, more dif-

ficult to cut and tougher than a potato, and of a light yellow color.

Its general shape is round, like a gourd, with a neck leading up to

the shoots and several thick roots extending downwards, and it

may become as large as two feet in diameter and weigh many
pounds. There is a characteristic odor somewhat like that of an

earthy potato, and after working with fresh material some time

the nose and throat feel dry and irritated, while a bitter tasting

substance remains on the fingers, even after several washings.

Figs. A and B show the organographic characters of the species, both at

the adult stage in its native habitat, and as a seedling from four to five

years old. The large projecting root of Ihervillea in the specimens in the

greenhouses of the Botanical Garden reaches a diameter of from 25 to 30
cm. In the desert this enormous tuberous growth lying in the dry sand
looks like a gray, dust-covered boulder. Frequently irregularities of

shape give it still more the effect of stone, and it is only when the cortex

is flecked off that one discovers the healthy green color beneath the super-

ficial layer. From the tubers arise yearly long flexible liana-like shoots

which reach a length of three or more meters. The shoots are round,
smooth and green above, brown-gray and gray-spotted or streaked below.
The flowers are dioecious, the tendrils branched, and the leaves bright-

green and twice three-cleft as is so frequently the case throughout the
family. The fruit is said to be “amber colored** and to inch long;
none has ripened in the greenhouse, as the flowers there are staminate
only. The plant is able to persist in its arid habitat with remarkable
vitality. In fact, so provident is it of water and nutritive substances
that one in* the museum case at the Garden which has been lying on a
board since 1902 is, in 1908, still sending up yearly shoots bearing leaves
and tendrils. Every fall the shoots die back and sprout again early the
next spring.'

IV. GENERAL QUANTITATIVE COMPOSITION.

Water, solids, organic and inorganic matter in the stem were
determined by the usual methods. After removal of the bark,
fresh portions of the stem^ were quickly cut into small pieces and

' Knox: Loc, cit. This paper gives the results of a thorough anatomical
study of the stem (“root**) oUbervillea Soiior<s,

^ This tuber is ordinarily referred to as a root The picture of
the old plant (Fig. A) with its shoots rising from the tuber, shows the
gradual enlargement of the stem, though the appearance of the seedling
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weighed in porcelain crucibles as rapidly as possible. Each
sample was dried to constant weight in an air bath at ioo° C., in

which process all Avater Avas removed. The AA^eight of the dry
solid matter Avas taken and, after complete incineration at a Ioaat

temperature, the AA'eight of the ash was also noted. The folloAv-

ing Aveights and percentages Avere recorded in this connection:

HECORDED .ANALYTIC DATA.

Tuber Fresh substance. Dry substance. Ash.
Sample. grams. grams. gram.

1 12.0060 1,6690 0.1710

2 15.4403 1.9223 0.2203

3 19.3512 2 . 3222 0.3S22

4 14.9534 1.9834 0.2144

Average

.

15.4377 1.9742 0.2219

Tuber
Sample.

GENERAL PERCENTAGE COMPOSITION,

Organic
Water. Solids. matter.

Inorganic
matter.

1 86.10 13.90 12.49 1.41
0 87.56 12.44 11.02 1.42

3 88.00 12.00 10.60 1.40

4 86.74 13.26 11.82 1.44

Average

.

87.10 12.90 11.48 1.42

V. GENERAL QUALITATIVE COMPOSITION.

In an endeavor to ascertain the character of the more conspicu-

ous constituents of the tuber, grouped under the general term

“solids,” various e.xtracts Avere made and tested. BetAveen the

arrival of the tubers from Sonora and the time Avhen they AA'ere

used for this study (almost a year)
,
they remained in the labora-

tory on saucers, Avithout earth or AAmter, and seemed to keep per-

fectly, one even putting out seA'^eral shoots during the summer.*

Preparation of material. In the preparation of the tuber for

these tests, dirt and dust Avere brushed off and the tuber Avas

(Fig. B) would indicate that the swollen portion includes root, hypocotyl

and stem. * * * The formation is stem and at least half of the swollen

portion may claim that distinction.—Knox, loc. cH., p. 3.10.

‘ The quantitative data recorded above were obtained from tubers in the

same general condition.



Julia T. Emerson and William H. Welker 343

washed. Sometimes the bark was removed; at other times the

entire root, after removal of injured or abnormal portions, was

finely divided in a meat chopper. Portions of the chopped tuber

were at once put in bottles with one of the solvents named below,

a few drops of toluol or chloroform being added as preservatives.

After standing generally a week, the extract was filtered and this

filtrate used in the experiments.

Extracts were made with the following solvents: Water, 95

per cent alcohol, ether, glycerol, 10 per cent sodium chlorid, or

acidified water (very dilute hydrochloric acid). The aqueous

and saline extracts were slightly acid in reaction (litmus)

.

The common qualitative reactions on these extracts made it

evident that the root contains representatives of the following

groups of substances: proteins, carbohydrates, fats, cholesterins,

lecithins, basic substances, salts of organic acids, and inorganic

salts.

Proteins. The simple proteins present in the tuber were of the

coagulable type only. Proteose and peptone could not be de-

tected in any of the extracts after removal of the coagulable pro-

teins. Nucleoprotein was present in small proportions in the

extracts and could be precipitated by acid. On decomposition

in hot acid the protein yielded purin bases, simple protein and
phosphate.

It was hoped by finding the temperature at which coagulations

resulted in the extracts, to gain some idea of the number and
types of the coagulable proteins present. The results were not
very definite, however. Ten per cent salt extract, for example,
showed turbidity at the low point of 25° C. The temperature
was gradually raised and at 61° C. a fine flocculent precipitate

appeared. On filtering, a clear yellow filtrate was obtained.
On reheating, initial turbidity became apparent above the tem-
perature of former turbidity but below that of former flocculation;
m this way six to eight flocculations were obtained at tempera-
tures ranging between 25° C. and 80° C.

On adding to an aqueous or saline extract an equal volume of
saturated ammonium sulfate solution, a fairly bulky precipitate
of “globulin” was obtained. The half saturated filtrate gave an
abundant yield of albumin when ammonium sulfate was added
to complete saturation. Saturation of the saline extract with
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magnesium sulfate precipitated globulin. Solutions of both the

globulin and the albumin precipitates obtained in this way gave
no more satisfactory differential results with the coagulation

method than the original extracts. The number of globulins

and albumins present was not, therefore, ascertained. It appeared

probable that these proteins coagulated through ranges of degrees

of temperature that overlapped each other, so to speak, thus

making differentiationby this process impossible, or else that other

substances were precipitated in such ways as to interfere in the

manner indicated.

The precipitates obtained at some of the lower temperatures

may have consisted largely of earthy phosphate, for they were

not appreciably soluble in lo per cent sodium chlorid solution or

in 0.5 per cent sodium carbonate solution, but readily dissolved

in 0.2 per cent hydrochloric acid.

The precipitates obtained at the higher temperatures, on the

other hand, were true coagula, for they were practically insoluble

in all of the three reagents named.

Carbohydrates. The carbohydrates present in the tuber were

chiefly woody fiber and small amounts of reducing sugar and

starch. The nature of the small amount of sugar was not deter-

mined.

Fat, cholesterin and lecithin were extracted and separated by

Zuelzer’s ether-acetone method.^ No attempt was made to

ascertain the characters of either the fatty matter or the lecithin.

Their quantities appeared to be relatively slight.

Saline matters, especially chlorid, sulfate and phosphate, so-

dium, potassium, calcium, magnesium and iron could be readily

detected. The ash contained carbonate, most of which was

formed by the combustion of the organic matter. Salts of or-

ganic acids were frequently indicated, in the various reactions

tried, but no attempt was made to ascertain the characters of the

organic radicals. Tri-basic calcium phosphate was precipitated

in relative abundance from aqueous and saline extracts on warm-

ing. Earthy phosphate was subsequently found to occur in the

root, and in such extracts.

Enzymes were looked for but were not detected. Proteolytic,

‘ Zuelzer: Zeitschr. filr physiol. Chetn., xxvii, p. 355, 1899.
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diastatic and oxidative enzymes appeared to be absent. It is

possible that the conditions of the tests were not favorable to

digestive results, although ordinary methods were used.

Basic substances. A few tests for alkaloids, with the so-called

alkaloidal reagents, in extracts free from coagulable protein,

gave indications of the presence of basic substances (see p. 346).

Chlorophyll was conspicuous in the subcortial tissue.

VI. TOXICOLOGICAL NOTES.

In Mexico where Ibervillea Sonorce grows in abundance, the

natives consider it poisonous. Watson^ has stated that “a
decoction of the root is used as a cathartic.”

Preliminary toxicological experiments on frogs. Several pre-

liminary tests of the toxicity of the tuber were made on frogs, by
injecting under the skin or into the stomachs small volumes of

concentrated aqueous solutions of dry residues from alcohol or

ether extracts, with the following results

:

() Residue from alcohol extracts. First frog: Introduction

per os. No visible effects. Second frog: Injection subcutane-

ously. Spasms occurred in a few minutes ; later there was retch-

ing. Death ensued in three hours.

() Residue from ether extracts. Third frog: Introduction

P^r os, about 3 p.m. There were signs of nausea during the after-

noon. Death occurred during the night. Fourth frog: Injec-
tion subcutaneously. Convulsive movements preceded death in

hours.

The results of these tests led us to look for alkaloids. For the
preliminary isolation of any of the latter that might have been
present in the tuber we proceeded as is indicated below:

Tests for alkaloids. The Stas-Otto method was employed for
the preparation of the extracts to be tested. The interior por-
tions of two tubers were finely minced and subjected to extraction
separately. Two alcoholic extracts were made of each. The
residues from each yellow alcoholic extract, which were obtained
by evaporation in vacuo at 40° C., were treated with absolute
alcohol, filtered and again evaporated to dryness. The residues
irom the absolute alcohol were treated with water, the filtered

• See p. 340.
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solutions rendered alkaline with sodium carbonate* and any
alkaloids extracted with ether. Each residue was treated thrice

with fresh ether. The ether extracts were allowed to evaporate

to dryness spontaneously. The resultant dry residues, which
were yellomsh in color and very bitter, were used in the tests

referred to below

Chemical tests. Samples of the various residues obtained by
the above described method were dissolved in dilute hydrochloric

acid or alcohol and tested with common reagents for alkaloids.

White, amorphous precipitates were obtained with potassium

hydroxid, phosphomolybdic acid, phosphotungstic acid and

tannic acid.

Precipitates failed to form with solutions of picric acid, platinic

chlorid, iodin in potassium iodid solution, bromin in hydro-

bromic acid solution, potassium sulphocyanid, potassium chro-

mate, potassium dichromate, potassium iodid, mercuric chlorid,

potassium ferrocyanid, potassium ferricyanid.^

The material in the e.xtracts gave color reactions with the fol-

lowing reagents: Sulfuric acid, Erdmann’s reagent, sulphovana-

dic acid, and Frohde’s reagent. None of these results was char-

acteristic of any particular alkaloid, however, nor were mixtures

of alkaloids suggested.

The reaction with sulfuric acid and potassium permanganate

in its first stages resembled the coloration obtained with strych-

nin in the oxidation test, but it failed to e.xhibit the successive

changes of coloration characteristic of the alkaloid in that reac-

tion. The color was not given with any other oxidizing reagents

in sulfuric acid. According to Wormley, this reaction, if potas-

sium permanganate is employed as the oxidizing agent, is given

‘ The yellow color changed to orange.

’ While we were removing residue from one of the evaporation dishes,

an associate who was fully ten feet away and who knew nothing about the

peculiar qualities of the residue, e.xpressed surprise at a bitter taste ho

suddenly experienced. The very minute amount of dust that was formed

as we carefully scraped the residue from the dish accounted for the experi-

ence referred to, which gives a good idea of the extreme bitterness of the

material.

’ Precipitates formed by reaction between the solvent and the reagent

are here ignored.
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by aqueous extracts of certain plants and even by shreds of filter

paper. ^

Physiological tests. Toxicity of the residues obtained by the

method described above was determined by dosing a 2.7 kilo

female pup as follows;

Administration per os: 1st day. The dog was given in one meal daily

an ordinary quantity of food consisting of meat, cracker meal, lard, bone-

ash and water. The weight of the residue given the first day was 0.0523

- gram. It was placed inside of a ball of meat and in this condition swal-

lowed without mastication. Except very slight diarrhea during the fol-

lowing night, no effects were observed.

2d day. On the second day of the experiment 0.1046 gram of residue

was administered in the food as before. Slight diarrhea, about nine hours

after feeding, was the only apparent effect of the material.

3d day. On the third day the animal was apparently perfectly normal,

and accordingly a study of the effects of siibciUa^ieotis injections of the

material was begun on the following day.

Subcutaneous injection; J^h day. The animal appeared to be normal
in all respects. About 0.05 gm. of residue was dissolved in 3 to 4 cc. of

alcohol, and injected on the right side. No general effects whatever were
observed during the following twenty-four hours.

5th day. On this day about o. i gram of residue was injected in 3 to 4
cc. of alcoholic solution. No symptoms of any toxic action were observed
during ten hours following the injection. A small abscess formed at the

point of injection; otherwise the animal apparently remained normal
during the next two days, when observation was discontinued.

These tests failed to show the presence in the extracted mate-
rial of any known alkaloid or alkaloids. The physiological tests

indicated further that, if any alkaloid was present, its propor-
tionate content was too slight to enable it to exhibit distinct or

characteristic effects.

Tests of the effects of hashed tuber given by nvouih to dogs. The
results of the foregoing toxicological tests suggested either that
our extracts did not contain the toxic principle of the tuber or
that the reputed poisonous action of the tuber is due to some
compound other than an alkaloid. To decide this question, a
number of special experiments on toxicity were conducted.

Two tubers were rapidly peeled, sectioned and hashed. The interior
of one of them was found to be full of small brown masses. The other

' Wormley: Micro-chemistry of Poisons, 2d ed., p. 589, 1SS5; Sedgwuck:
Awr. Chem. Journ,, p. 369, 1S79.
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tuber was apparently normal in all respects. The mass of each tuber was
kept separate on the assumption that possibly the abnormal specimen

would show different toxic results from those of the normal tuber; also

with the idea that perhaps the toxicity ascribed to Ibervillea Sonore in

general was due to special poisonous principles in such abnormal tubers

and that particular effort should be made to determine this possibility.

The rinds were also hashed. Each product was bottled and placed in a

cold room which was kept constantly at a temperature of about — 5^* C.

The following quotations from our records of this series of experiments

will suffice to show the results obtained.

Sixth expcrime'^it with normal tuber. Weight of dog, 25.7 kilos.'

1st day. Sixteen grams of tuber were administered in balls of meat at

II a.m. In the afternoon a feverish and restless condition was observed.

This was very much less marked during the evening. Pronounced diar-

rhea occurred between midnight and 8 a.m. 2d day. By lo a.m. the con-

dition of the dog was apparently very close to normal. Twenty-four grams

of tuber were given in meat at 10.30 a.m. The feverish condition reap-

peared unmistakably at i :45 p.m. Vomiting occurred at intervals be-

tween 5 and 9:45 p.m. No defecation occurred during the day, at the

end of which the dog was apparently normal, jd day. Thirty-two grams

of tuber were administered with the regular diet at 10:50 a.m. At 12:30

p.m. the animal became feverish and uncomfortable. Three hours later

very marked diarrhea occurred. About 6 p.m. a considerable portion of

the food given in the morning, including a fairly large proportion of meat,

was vomited. Between 7 and 8 p.m. marked diarrhea occurred. From

this time until the next morning, recovery was rapid. The dog was appar-

ently normal at the end of that period, day. The dose of tuber was

again increased and 40 grams were given with the usual diet between

II a.m. and i p.m. At 1:40 p.m. the first signs of sickness appeared.

Between 4:15 p.m. and 5:20 p.m. very marked diarrhea occurred. This

was followed by rapid recovery and the dog was nearly normal four hours

later, day. The animal refused to eat the meat balls containing the

tuber and so was allowed to fast until the sixth day. 6th day. The dog

again refused the meat balls. They were given forcibly. He received

50 grams of tuber at noon. The feeding was followed by a five-hour

period of feverishness and restlessness. This was succeeded by very

marked diarrhea. By midnight the dog had practically recovered. He

remained well. The same animal was used in the seventh experiment.

Seventh experiment; with abnormal, i. c,, '"spotted” tuber, and with the

rind. About a month and a half after the completion of the preceding

experiment, the dog of that e.xperiment, which showed no subsequent ill

effects of the treatment described above, was subjected to dosage with the

abnormal tuber. Diet and method of dosage were the same as in the

sixth experiment.
_

' Daily diet—hashed meat, cracker meal, lard and water, with bone-ash.

A preliminary period of five days established normal conditions.
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A. jst day. Five grams of '^spotted’* tuber were given without effect.

The feces passed this day were hard and dry. 2d day. Ten grams of

tuber were given. There were no apparent effects, jd day. Twenty

grams of tuber were administered in gelatin capsules. This dose also

failed to produce any toxic symptoms. The feces remained hard and dry.

day. Forty grams of tuber were given in capsules as before. Appar-

ently no effects were produced, day. Fifty grams of tuber were

given at noon in capsules as before. Slight diarrhea occurred during

the afternoon and evening, while marked diarrhea ensued between mid-

night and 8 a.m. The dog was apparently normal at 9 a.m. 6th day.

The regular diet was fed without the tuber.

B. yth day. Twenty-five grams of rhid were given in gelatin capsules

with the regular diet. Very marked diarrhea occurred about six hours

later. The dog seemed normal on the following morning. 8thj gth atid

Will days. The dog was fed the usual diet without any rind, nth day.

Twenty-five grams of rind were given in capsules without producing any
apparent effect. i2ih day. Twenty-five grams of rind were given. Three

hours later marked diarrhea ensued. This was followed by the vomiting

of undigested meat, ijth day. The animal fasted, i^th day. A small

meal was fed in the afternoon, ijf/t day. Twenty-five grams of rind were
given in capsules with the regular diet at 10 a.m. Diarrhea occurred

between 8 and 8:45 p.m. By the following morning the dog had appar-

ently recovered.

These experiments and the remaining ones of the series made
it evident that the toxicity and even the cathartic effects of

Ibervillea SonorcB, as measured by results on our dogs, have per-

haps been overrated. In some instances, comparatively large

quantities of the hashed tuber or the rind were entirely devoid of

obvious effects. The “spotted ” tuber was no more (but perhaps
less) toxic than the normal tuber. These results were also in

accord with our previous conclusion that there is little if an}'

alkaloid present in the tuber.

Although the toxic and cathartic effects were relatively slight,

it was thought that possibly oxalic acid was present in sufficient

proportion to share in producing the effects noted. Analysis of
a fresh portion of tuber made it evident, however, that the
proportion of oxalic acid in the tuber was very slight.

It also seemed possible that magnesium salts might have par-
ticipated in the cathartic effects observed. Partial quantitative
analysis of the ash gave the following percentage results: CaO,
23-76; MgO, 15.62 iCOj, 13.92; Cl, 11.96; P2O5, 8.1. Sodium and
potassium were present in abundant proportions. The propor-
tion of ash in the fresh tuber was only about 1.4 per cent.
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Although it did not seem probable that the observed cathartic

action could be due solely to the small amounts of compounds of

the alkali earth metals that were present, we tested the effects of

the ash in some experiments of which the following, as described

in our records, is an illustration.

Tests of the effects of tuber ash given by mouth to dogs. Tenth experi-

ment. Weight of the dog, 7.23 kilos.^ On the first day of the experi-

ment the animal was given 0.6 gram of ash corresponding to the inorganic

matter in about 45 grams of tuber. Thiswas administered in several small

balls of meat. No other food was given that day. There were no ap-

parent effects. On the following day the fast was continued and an equal

portion of ash, i. e., 0.6 gram (which had been largely converted into chlorid

by treatment with hydrochloric acid, with subsequent removal of the acid

by evaporation to dryness) was dissolved in distilled water and admin-

istered by means of a stomach tube. This also failed to produce any

noticeable effects. The dog was apparently normal in all respects during

the three succeeding days, after which he was no longer kept under

observation.

The results of the experiments in this series also fail to explain

the effects caused by the tuber. Unfortunately, our supply of

tubers was exhausted at this point and further study had to be

given up.

VII. general conclusions.

Besides yielding the data for composition of Ibervillea Sonorce,

our study indicates that the tuber does not contain alkaloidal

material, or at least not in sufficient proportion to cause particular

toxicity. We have not learned the reason for the cathartic effects

exhibited by the tuber or its decoctions.

We wish to thank Dr. Gies for his kind guidance and advice in

this study, and also for his assistance in carrying out the work.

' Daily diet—hashed meat, cracker meal, lard and water, with macer-

ated filter paper to make the feces bulky and approximately normal in

consistence. For this purpose bone ash was avoided in order to give the

tuber ash full opportunity to display its greatest possible toxicity, without

unnecessary interference. A preliminary period of five days established

normal conditions.



The Journal op Biological Chemistry,

VOL. V. NO. 4*

Plate IV









THE INHIBITING EFFECT OF POTASSIUM CHLORIDE IN

SODIUM CHLORIDE GLYCOSURIA.

By THEO. C. BURNETT.

(From the Rudolph Spreckels Physiological Laboratory of the University

of California.)

(Received for publication, October 15, 1908.)

While making experiments on the production of glycosuria

by sea-water^ I became aware that a mixture of sodium chloride

and potassium chloride in the proportion of 100 mols. of the for-

mer to 2.2 mols. of the latter, was much less effective than pure

sodium chloride in inducing glycosuria, and the fact seemed of

sufficient interest to warrant further investigation. It has been

known for years that the injection of large quantities of sodium
chloride will cause glycosuria in rabbits, and Fischer^ has shown
that this glycosuria can be inhibited by calcium chloride. Brown*
arrived at the same conclusion independently. It seemed im-

portant therefore, to ascertain if potassium chloride had also an
inhibitory action on the glycosuria caused by the injection of a
pure sodium chloride solution.

The technique was the same as formerly, but the well known
poisonous effects of potassium precluded the possibility of carry-
ing on the experiments for longer than about three hours, i liter

(about) of the solution (NaCl, 100 mols. + KCl, 2.2 mols.) being
injected during that time.

^Burnett, Theo. C.: This Journal, iv, p. 57, 1908.
Note: Since the publication of the paper just referred to, my attention

bas been called to an article by Underhill and Closson, Antcr. Journ. of
FhysioU, xv, p. 321, 1906; also to one by Hedon and Fleig: Arch, interttat.

physiol., p. 95, July, 1905. Reference should have been made to
these in the original article, and I take this first opportunity to correct
the omission.

^Fischer, M. H.: Univ. of Calif. Publ. (Physiol.), i, p. 87, 1904, where
references to earlier authors will be found.

Brown, O. H.: Amcr. Journ. of Physiol., x, p. 37S, 1904.
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When such a solution as the above (sodium chloride plus potas-

sium chloride) is injected into the marginal vein of the ear of a

rabbit in large quantities, after about one and a half hours sugar

makes its appearance in the urine. The amount varies from a

trace to about 0.03 per cent. At first sight this seems like a very

marked variation, but by comparing with a pure sodium chloride

solution it will be seen that the maximum does not nearly equal

the maximum given by Fischer for a pure sodium chloride solu-

tion, his tables giving 0.25 per cent.^ It must be borne in mind

that rabbits vary very widely in their susceptibility, and hence

the impossibility of having adequate controls in these experi-

ments. I have the records of two experiments in which abso-

lutely no sugar appeared during three hours injection with a

mixture of sodium chloride and potassium chloride. On the

other hand, one rabbit gave a maximum of 0.04 per cent. The

bulk of the experiments, however, gave a figure around o.oi per

cent. When it is said, therefore, that a given solution produces

no glycosuria, the fact must not be lost sight of that now and

then a rabbit will be found that develops glycosuria, even with

Ringer’s solution; but in that case it would probably be found

that with a mixture of sodium chloride and potassium chloride

the amount would be considerably larger, and with a pure sodium

chloride solution, a profound glycosuria would result. Table I

is selected as fairly typical.

TABLE I.

December 6, 1907^ Belgian harCj femalej weight 3000 grams.

Injection fluid
y ^ NaCl -f KCL

Timo.
j

i

Amount injected.
1

Amount of urine.

a.m. cc. cc.

8.45 Began injection.

10.00 450 199 Trace sugar.

10.30 150 154 Sugar, .01 porceni.

11.00 200 154 Sugar, . 007

11.30 150 100 Sugar, .01

^ Fischer, M. H.: loc. cit., p. in.
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The experiment was then tried of inducing glycosuria by a

pure sodium chloride solution, and then substituting a mixture

of sodium chloride and potassium chloride. The result was a

diminution in the amount of sugar, as will be seen from Table

II , which is condensed from the original record . Itwillbe noticed

that the sodium chloride solution was and that sugar appeared

in one hour. It seems evident, therefore, that potassium antag-

onizes, in part at least, the poisonous effects of a pure sodium

chloride solution.

TABLE II.

December 5, 1907 . Belgium hare, male, weight SQOO grams.

Injection fluid, “ NaCl: changed later to ^ NaCl -h KCl.

Time. Amount injected. Amount of urine.

a.m. cc. cc.

9.00 !

\

Began injection^ NaCl.

10.00 375 107 , Sugar.

10.30 200
i

156 Sugar, .027 per cent.

Changed to ^ NaCl + KCl
11.00 200 ’

160 Sugar, .016

11.30 175 110 Sugar, .014 "

12.00 300 155
,
Sugar, .007 «

What, now, is the action of calcium chloride under similar

conditions? What has been said of potassium applies as well to
calcium. When a solution of sodium chloride, loo mols., plus
calcium chloride, 2 mols., is injected in large quantities, a small
amount of sugar usually appears in the urine. The maximum
obtained was 0.026 per cent—a figure slightly better than for
potassium chloride. The minimum, as in potassium chloride,
is zero, no sugar appearing in three hours. If, however, the injec-
tion is begun with sodium chloride plus calcium chloride and
after sugar appears the injection fluid is changedto sodium chlor-
ide plus potassium chloride the amount of sugar is increased.
The same holds good if the order of the injections is reversed.
Table III (p. 354) illustrates this very well.

^

It will be recalled that Loeb'^ has shown that a pure NaCl solu-
tion causes two forms of destructive process in the eggs of the sea

* bocb, J.; Biochem. Zeiischr., ii, p. 81, 1906.
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urchin. One of these is the ordinary cytolysis, and the other,

a process which he calls “black disintegration.” He found that

the addition of calcium chloride inhibited the cytolysis, while the

addition of potassium chloride inhibited the “black disintegra-

tion.” In view of this the above results are clear. The addition

of one salt, for example, potassium chloride to the injection fluid,

prevents one of the destructive processes, with a consequent

diminution of the amount of sugar, but not a complete disappear-

ance of it, for there is the other destructive process still active.

When sodium chloride plus potassium chloride is substituted for

sodium chloride plus calcium chloride, or vice versa, there is an

additive effect ; either the cells which are partially injured by the

TABLE m.

August 19, 190S. Belgian hare, female, weight, 1500 grains.

Injection fluid, ” A^aCL -P CaCl.^; changed later to NaCl + KCl.

Time. Amount injected, Amount of urine.

a.m. cc. cc.

9.05
1

Began injection, NaCl +
CaCI^

10.05 350 103 Sugar.

11.20 375 363 Sugar, .004 per cent.

Changed to NaCl + KCl
12.20

1

1

300 279 Sugar, .009
“

one combination, are further injured by the second, or a new lot

of cells may be injured by the substituted combination of salts'

In either case the result would be an increase in the amount of

sugar in the urine, McGuigan and Brooks^ conclude that “the

pathology of experimental glycosuria is very probably due to

changes in the protoplasmic activity of the cell.” The above

results seem to indicate the nature of the change which occurs m
the cells involved, be they in the central nervous system, or

in the kidney, or elsewhere. Microscopic examination of the

kidney in several of these cases shows interesting changes; but the

work has not been carried very far, and it will be left for a future

communication should results warrant it.

‘ McGuigan and Brooks; Amer. Jonrn. of Physiol., xviii, p. *907:

cf. also Underhill and Kleiner: This Journal, iv, p. 395 .
190S.
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Bv PAUL J. HANZLIK and P. B. HAWK.

{From the Laboratory of Physiological Chemistry of the Department of

{Animal Husbandry of the University of Illinois.)

(Received for publication, October 26, 1908.)

The purpose of this investigation was to observe the cotirse of

the excretion of uric acid in normal men living on an ordinary

mixed diet. Each subject was allowed to select his own diet,

and then was required to ingest the diet selected during the

course of six periods of four days each. The variation in the

excretion of each individual as well as the average excretion

of all the subjects was noted.

Ten university students served as subjects. Quarters were

provided where the men could easily be observed as to certain

regulations of sleep and diet. The body weights of the sub-

jects ranged from 53.1 to 76.7 kilograms and their ages varied

from 19 to 29 years. There were no athletes among the sub-

jects so that no individual took excessive or violent exercise,

but all lived the life of the average normal tmiversity student.

As was previously stated the diet was a mixed one for all

periods. Table I. p. 360, shows the diet for period i, November
29 to December 2. The diet for the remaining periods was
approximately the same in all particulars.

The fruits consisted of red and white cherries, pineapples, apples,
oranges, plums, peaches and pears. Of the meats, which were all fresh,
there were boiled beef, roast beef, veal, mutton, beefsteak, chicken, pork
chops, pork sausage, and boiled and roast ham. The soups consisted of
pea, consomm^, bouillon and vegetable soup. Commeal, rice, cream of
v/heat, oatmeal, and cracked wheat, composed the cereals. The puddings
Were custard, starch cream and rice. Ice cream was also served every
four days. The vegetables included potatoes, peas, beans, com and
tomatoes. The other constituents were wheat bread, coffee, milk, cocoa,
butter and water. Meat was served twice a day, morning and evening.
Soups were served at the noon meal only and puddings instead of fruits

night, otherwise the same constituents were served at each meal. In
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some instances the men selected no coffee, while in other cases a subject

would, for example, drink coffee for the morning meal and cocoa for the

evening meal.

For the sake of uniformity in the mode of normal living, each subject

was required to carry out a routine daily schedule. They all rose at

6:30 a.m., were immediately weighed and then breakfasted at 7:15 a.m.

Lunch was served at 12:15 p.m. At 5:00 p.m. each individual was sub-

mitted to a clinical examination. Dinner was served at 6:30 p.m., and

all subjects retired between 10:30 and 11:00 p.m. Blood tests, includ-

ing blood pressure, were made upon each subject at intervals of two

weeks. If at any time a subject was found to be abnormal for any reason,

the experiment upon him was discontinued until he again became nor-

mal. This will be seen to be the case with subjects I and K, Table II,

p. 361, where one period for each of these subjects is missing.

The experiment was divided into periods of four days each.

Urine was collected in 24-hour periods and preserved with

powdered thymol, each bottle being kept in a refrigerator until

the entire 24-hour sample had been collected. The urine bottles

were then removed, one-half of each sample carefully measured

and placed in cold storage. At the end of the four day period,

the four one-half volumes were combined to form a single sample

for each subject, thus making ten composite samples for analysis.

These composite samples were then analyzed for uric acid.

The Folin-Shaffer procedure was employed for the determina-

tion of the uric acid.

150 cc. of the urine was introduced into a beaker, 37.5 cc. of the Folin-

Shaffer reagent (consisting of 500 grams of ammonium sulphate, 5 grams

of uranium acetate and 60 cc. of 10 per cent acetic acid in 650 cc. of dis-

tilled water) added and the mixture filtered. 150 cc. of the filtrate was

immediately taken, 7.5 cc. of concentrated ammonium hydroxide added

and the mixture allowed to stand for 48 hours. The precipitated am-

monium urate was then transferred quantitatively to a hardened filter

paper and washed with a 10 per cent solution of ammonium sulphate to

free it from chlorides. The paper was then removed from the funnel,

opened, and by means of hot water the precipitate was rinsed back into

the beaker in which the urate was originally precipitated. The volume

of the fluid was, at this point, about 150 cc. The solution was allowed

to cool to room temperature, 15 cc. of concentrated sulphuric acid was

added and the acid solution immediately titrated with ^ potassium

permanganate.

By an examination of Table II, p. 361, it will be observed that

there exists considerable uniformity in the daily excretion of
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uric acid. Subjects E, P, G, I and J especially exhibited a

very constant output. The average daily excretion of subject

F, 0.475 gram, was the lowest of any of the subjects. J excreted

an average of 0.520 gram per day; I, 0.619 gram and G, 0,644

gram. It might be supposed that differences in the quantity

and kind of food taken would influence the daily excretion of

uric acid to a marked degree, but it will be seen that this was not

altogether the case. Subject P excreted 0.475 gram of uric

acid per 24 hours, while subject G excreted 0.644 gram, a much

greater quantity than that of subject F, notwithstanding the

fact that Table I shows that the diets of subjects F and G were

very similar in many respects, the main difference being that G
ingested somewhat more meat, potatoes and milk. This shows

that in this case the variation in the excretion of the uric acid

was probably due entirely to the influence of the diet. The
average daily excretion of subject E was 0.660 gram, which was
the maximum output of uric acid observed during the experi-

ment, yet the diet of this subject varied but little from that of

subjects G and I, the main difference being that E ingested

considerably more bread. Subject J differed more from subject

E in the matter of diet than either subjects F or G, yet subject J
excreted a greater average quantity of uric acid than subject

F, but less than subjects E and G. It will be noticed then that

individuality in these cases played an important part in the
variation of the excretion of uric acid. This variation was
probably due to a variation in the endogenous uric acid excre-
tion, which, according to general belief, is governed largely by
the individuality of the subject.

Subjects A, B, C, H and K showed less uniformity in the daily
excretion of uric acid than the other subjects. Subject A
excreted on the average 0.615 g^’am per day. This subject also
showed a gradual increase in uric acid output up to the last
period at which time there was a slight decrease. Subject B
excreted on the average 0.588 gram with considerable irregu-
lar variation. The average excretion of subject C was 0.597
pam with a gradual decrease for the first four periods fol-
lowed by two periods of higher excretion. Subject H exhib-
ited a pecularity in that the daily excretion averaged 0.608
gtani but varied alternately. In the first period there was a
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high excretion, i.e., 0.621 gram, while period 2 was lower, i.e.,

<5-597 gram. Then again period 3 returned to an excretion of

0.633 gram almost the same as for period i, and period 4 showed

an excretion of 0.5S3 gram, similar to that of period 2. Begin-

ning with period i, every alternate period exhibited a striking

uniformity in the excretion of uric acid, for example, 0.621,

0.633 and 0.627 gram and 0.597, 0.583, and 0.586 gram for the

alternate periods. Subject A showed an average excretion of

0.651 gram with a general tendency for the daily elimination of

uric acid to increase. This subject excreted the second largest

average quantity of uric acid in 24 hours, although the diet did

not differ from that of some of the other subjects except in the

large quantity of milk ingested and from the fact that no cocoa

nor cereals were taken. The diets of subjects A, B, C and H
also were very uniform in quantity as compared with the diets

of the other subjects, yet there were variations in the excretions

of uric acid, some of the quantities being greater than those of

subjects F, G, I and J. Here again, as in subjects E, P, G, I

and J, the same reason for this individual variation in excretion

may be given. There is probably no other factor which influences

these variations to such an extent as does the individuality of

the subject.

Concerning the average daily quantity of uric acid e.xcreted

by all subjects, it can be readily seen by referring to Table III,

p. 364, that it does not amount to 0.7 gram as is generally stated

to be the average 24 hour output of uric acid for a normal man.

The lowest quantity excreted, 0.475 gi'^^n, was by subject F, while

the greatest quantity, 0.660 gram, was by subject E. The average

for all subjects was 0.597 gram.

The evident tendency of the majority of the subjects to exhibit,

for no apparent cause, a relative high uric acid output during the

fifth period of the investigation is interesting.

Apart from the uric acid viewpoint our investigation fur-

nished some interesting data relative to the protein ingestion of

oiormal men. Facts regarding this feature may be found sum-

marized in Table IV, p. 365. It will be noted by referring to

this table that these ten normal men, ranging in age from 19 to

09 years, when permitted to select their own mixed ration,

ingested a diet which contained from 70.3 grams to 109.6 grams
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of protein per 24 hours. The average daily ingestion of pro-

tein as 91.2 grams. The protein ingested per kilogram of body

weight varied from 1.13 gram to 1.51 gram with an average

of 1-33 gram.

CONCLUSIONS.

1. The average daily excretion of uric acid for ten men, rang-

ing in age from 19 to 29 years, and fed a normal mixed diet was

0.597 gram, a value somewhat lower than the generally accepted

average of 0.7 gram for such a period.

2. The average daily protein ingestion for these same sub-

jects, when permitted to select their diet, was 91.3 grams or 1.33

gram per kilogram of body weight.
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TABLE II.

Subject A,

Period. Date. Volume
of urine.

Specific
gravity.

URIC ACID IN GRA&IS. Uric acid
nitrogen
in 24
hours.96 hours. 24 hours.

cc. ffram.

I Nov. 29 to

Dec. 2 5,660 1,018 2.260 0.565 0.189

n Dec. 3- D 4,163 1,022 2.316 0.554 0.185

Ill Dec. 7-10 4,473 1,021 2.324 0.194

IV Dec. 11-14 4,050 1,0275
;

2.524 0.631 0.211

Dec. 15-18 ^ 2.864 0.716 0.239

Dec. 19-22 5,579 1,018 2.57G 0.644 0.215

Total 27,630 3.691 1.233

Average 4,605 1,0223 2.461 0.615 0.206

Subject B.

I Nov. 29 to

Dec. 2 3,797 mgmm 2.268 0.189
11 Dec. 3- 6 3,604 1,024 2.268 0.567 0.189

JII Dec. 7-10 3,389 2.456 0.614 0.205
IV Dec. 11-14 3,926 1,026 2.336 0.584 0.195
V Dec. 19-22 3,012 2.400
VI Dec. 23-26 3,498 2.371 Ira 0.19S

Total 21,226 6,157 14.099 3.525 1.176

Average 3,536 1,026 2.350 0.58S 0.196

Subject C.

I.. . Nov. 29 to

Dec. 2 4,939 1,019 2.644 0.661
II-.

.

Dec. 3- 6 4,468 1,018 2.304 0.576
Ill Dec. 7-10 4,574 1,018 2.300 0.575
IV Dec. 11-14 4,223 1,0235 2.220 0.555
V. Dec. 15-18 4,623 1,021 0.610
VI Doc. 19-22 4,845

,
1,022

1

2.416 0.G04
,

Total 1.196

Average 4,912 1,022 2.387 0.597 0.199
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TABLE II—continued.

Subject E,

period. Date. Volume
of urine.

Specific
gravity.

URIC ACID

96 hours.

IN GRAMS.

24 hours.

Uric acid
nitrogen
in 24
hours.

cc. ffram.

I Nov. 29 to

Dec. 2 8,622 1,010 2.700 mM 0.226

II Dec. 3- G 6,720 1,017 2,728 n
Ill Dec. 7-10 5,942 2.644 0.661 mm
IV Dec. 11-14 7,130 2.868 0,717 0.240

V Dec. 15-18 6,752 2.476 0.619 0,207

VI Dec. 19-22 6,419 2,412 0.603 0,201

Total 15.828 3.957 1.323

Average 6,931 1,015 2.638 0.660 0.221

Subject F,

I ! Nov. 29 to iI
Dec. 2 4,482 1.912 mBHI

II Dec. 3- 6 BK 1.824 Hi
Ill Dec. 11-14 6,374 IK |« 1.884 I8S1HS
IV Dec. 15-lS 6,517 IK fl 2.068 Eg 0.173

V Dec. 19-22 7,535 1.S04 0.451 0.151

VI Dec. 23-26 QQI 1.904 0.476 0.159

Total 36,741 6,0835 11.396 2.849 0.952

Average 6,124 1,0139 1.899 0.475 0.159

Subject G.

I Nov. 29 to

Dec. 2 3,249 2.824 0.706 mm
II Dec. 3- 6 3,258 1,025 0.610 EO

Ill Dec. 7-10 2,944 2.584 0.646 0.210

IV Dec. 11-14 3,160 l^l 2.572 0.643 0.215

V Dec. 15-18 2,806 Bull 2.640 0.660

VI Dec. 19-22 3,364 ISil 2.388 0.597 0.199

Total 1S,7S1 6,171 15.448 3.862 1.290

Average 3,130 1,02s 2.575 0.644 0.215
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TABLE II—continued.

Subject Ih

Period. Date. Volume
of urine.

specific
gravity.

UUIG ACn> EJ onAH 8.
Uric acid
nitrogen
in 24
hours?.Q6 hours. 24 fiourff.

cc. Qram*

1 Nov. 29 to

Dec. 2 7,504 1,011 2.484 0.621 0.207

11 Dec. 3— 6 1,012 2.388 0.597 0.199

m Dec. 7-10 2.532m 0.211

IV..., Dec. 11-14 2.332 0,195

V Dec. 15-18 > 5,455 ' 1,0205 2.508 0.209

VI Dec. 19-22 2.344B 0.196

Total 14.588 3.647 1.217

Average 1,0161 2.431 0.608 0.203

Subject /.

I Nov. 29 to

Dec. 2

Dec. 3- 6

Dec, 7-10

Dee. 11-14

Dec. 15-18

1,013

1,012

1,012

1,023

1,0175

2.476

2.452

2,536

2.456

2.464

0.619

0.613

0.634

0.614

0.616

0.207

0.205

0.212

0.205

0.206

11

m
IV
V

Total 27,566 5,0775 12.384 3.096 1.035

Average 5,513 1,0155 2.477 0.619 0.207— -

Subject J.

1

11 ....

m
IV.,..

V....

VI

Nov. 29 to I

Dec. 2

Dec. 3“ 6

Dec. 7-10

Dec. 11-14

Dec, 15-18

Dec. 19-22

6,819

5y3GQ

5,059

5,179

4,446

5,058

1,013

1,016

1,018

1,022

1,023

1,020

2.060

1.912

2.144

2.112

2.204

3.048

0.515

0.478

0.536

0.528

0.551

0.512

0.172

0.160

0.179

0.176

0.184

o.m

Total 32,521 6,112 12.480 3.120 1.042

Average 5,420 1,002 2.0S0 0.520 0.174
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TABLE II- —continued.

Subject K.

Period. Bate. ' Volume
of urine.

Specific
gravity.

URIC .\CID IN QRAMe. Uric acid
nitrogen
in 24
houra.96 hours. 24 houra.

cc. gram.

I Nov. 29 to

Dec. 2 4,709 2.152 0.53S mm
11 Dec. 3- 6 3,412 2.500 0.625 is

Ill Dec. 7-10 4,432 HKSH 2,728 0.682 0.228

IV Dec. ll-ll 3,632 2,536 0,634 0.212

V Dec. 19-22 4,042 Ql 3.104
1

0.776 0.259

Total 20,227 5,1115 13.020
1

3.255 1,088

Average 4,045 1,0223 2.604 0.651 0.218

TABLE III.

Average daily uric acid excretion.

Subject.

Average uric acid

excretion (grama
per 24 houra).

F 0.475

J 0.520

B 0.5SS

C 0.597

H O.GOS

A 0.615

1 0.619

G 0.614

K 0.651

E 0.660

Grand average 0.597
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TABLE IV,

Protein ingestion, Sttbiecis A (o K.

•- i

«

C
.2 «

E
.S2

SI
?s «
0

Oi (a

S-S

.*4 ^ &o

^ s ^ •

ftc
0

>-112 ia'Ss3 5 pjQ to

SoajECT. pq P
A 74.1 97.0 1,31

B 65.5 91.4 1.39

C 72.2 81.9 1.13

E 76.7 109.6 1.43

F 53.1 70.3 1.32

G 6S.7 91.3 1.33

H 66.1 99.2 1.50
I 63.3 95.6 1.51

J 76.0 90.1 1.18
K .

.

72.3 85.2 1,18— —^

—

—
Average 68.8 91.2 1.33





STUDIES ON ENZYMES: I.

THE ADSORPTION OF DIASTASE AND CATALASE BY COLLOIDAL
PROTEIN AND BY NORMAL LEAD PHOSPHATE.

By AMOS W. PETERS

{From the Zoological Laboratory of the University of Illinois.)

(Received for publication, September i8, 1908.)

INTRODUCTORY.

Most of the experimental work with enzymes and other sim-

ilar obscurely known substances is conducted with preparations

which contain the desired body in admixture with other, in

most cases, undesirable substances. The nature and condition

of the extraneous matter is so little known that it is not possible

to reproduce with assurance and accuracy the same conditions in

the repetition of experiments. The validity and range of applica-

tion of the results obtained thus remains unknown. Progress

of a fundamental nature depends largely upon making some ad-

vance in the separation of these substances. The present paper
describes the initial steps in an attempt to apply the method
of adsorption for this purpose. The phenomena described are

usually classed under the term adsorption which is here used,

however, only conventionally. In this paper no attempt will be
made to explain the real nature of this process which is so typ-
ically shown by these experiments.

I take pleasure in acknowledging my obligation to Mr. Bruce
Harrison, M.S., of the Graduate School of this University,

for valuable assistance in obtaining many of the numerical data
in the part on the Results of Experiments.

SOURCES OF DIASTASE AND CATALASE.

"The diastases upon which these experiments were made were
purposely produced from materials of different origin. This was
one in order that the methods developed might be of general

367
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application, as well as to provide means for a possible future

comparison of preparations of diastase of different origins. Ger-

minated wheat, liquid bacterial cultures, and extracts of auto-

lytic liver constituted the principal materials which served as

sources of both diastase and catalase.

It is well known that the wheat grain upon germination pro-

duces as much or more diastase than barley.^ The grain was

washed with tap water until the wash water was clean. It was

then washed with saturated thymol water. It was soaked in

distilled water for a day and then placed upon filter paper and

kept moist in a closed copper germinating pan. The germination

was conducted at room temperature and continued for about

three days, after which the cover was removed and the germi-

nated grain permitted to become air-dry for keeping or it was used

while still moist. Just before extraction with a liquid as subse-

quently described the grain was ground in a mill or a mortar.

The liver of cow or pig was purchased fresh in the market,

superficially washed and then cut or hacked into small pieces.

To one weight of liver there were added three weights of distilled

water and a layer of several centimeters in depth of toluol con-

taining 0.5 per cent of thymol was poured on and thewholewas

then thoroughly agitated. The agitation was repeated on several

successive days. For use as a source of diastase and catalase the

required quantity of liquid was withdrawn from beneath the

toluol layer with a pipette. The content of diastase in the extract

of liver so prepared first increased and subsequently disappeared.

This material always supplied catalase in great abundance.

The liver thus treated was easily kept for months practically free

from bacterial action.

The bacterial cultures were grown in a liquid medium of the

following composition. Distilled water, i liter; mbnopotassium

phosphate, i gram; Witte’s peptone, 2 to 5 grams; Kahlbaums

soluble starch, 2 to 5 grams. The whole was sterilized by steam

at 100° C. in a Jena glass Erlenmeyer flask in which the culture

was subsequently raised. The natural reaction of the liquid was

permitted to remain. In this medium numerous kinds of bac-

teria grew abundantly both at room temperature and especially

‘ Maerker-Delbrtick: Spiritnsjabrikation, pp. 106, 287, X903.



Amos W. Peters 369

upon incubation at 37° C. to 40® C. The firstmaterial for inocu-

lation was obtained from the water and from the decaying veget-

able matter of a small, much polluted stream. The bacteria so

obtained were found to be diastatic but the great variety of

species was undesirable. By plating upon agar, pure cultures

of a diastatic organism were obtained which were used in the

experiments to be described. The catalase content of these cul-

tures would develop gradually and reach its maximum after the

amount of diastase had become too small to be of good service

experimentally.
^

IDENTIFICATION OF DIASTASE.

The presence and concentration of diastase were always tested

by its effect upon a freshly-prepared i per cent solution of Kahl-

baum's soluble starch. The starch was dissolved in hot water and
a few crystals of thymol added before cooling. Such a solution as

a rule contained no perceptible amount of reducing sugar. In

testing for diastase one volume of starch solution was thoroughly
mixed with an equal volume of the fluid to be tested, toluol con-

taining 0.5 per cent thymol added to a depth of several cen-

timeters, and the mixture incubated at 50° C. for periods vary-
ing from one to twenty-four hours. Sugar was estimated both
at the beginning and at the end of the fermentation period and
frequent controls showed the absence under these conditions of

hydrolysis due to other influences than the diastase.

Sugar was estimated by Bang*s method,^ chosen on account of
its convenience and accuracy. The method is based upon the
reduction of a copper solution in the presence of potassium sul-

phocyanide, the excess of unreduced copper being estimated by
titration with standard hydroxylamine solution. In my deter-
minations, only 2 cc. of the sugar solution were used and hence
only 10 cc. of the copper solution. All of the precautions sug-
gested by Bang were observed. The results are expressed as
volumes of hydroxylamine solution used in the titrations, and
as their equivalents in milligrams of dextrose per cubic centi-

* Bang: Zur Methodik der Zuckerbestimmung, Btochcm. Zcitschr., h.
Pp* 27 1-290, J907.
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meter of the fermenting solution. The nature of the reducing

substances produced by the enzymes studied was not investigated.

As a unit for the measurement of diastase, the production of

o.i milligram of sugar during the first hour of digestion at 50° C.

was arbitrarily chosen. This amount is equivalent to nearly

0.3 cc. of the standard hydroxylamine solution and lies outside

of the limits of experimental error.

In testing a bacterial culture for its content of diastase the mode

of procedure was as follows: To a measured volume of the cul-

ture fluid (10 to 100 cc.) contained in a tall cylinder, about one-

fifth volume of toluol was added and the mixture thoroughly

shaken. Further bacterial action was thus inhibited. A vol-

ume pf I per cent soluble starch equal to the volume of culture

fluid used was then added. After shaking and withdrawing a

portion in which the original sugar content of the mixture was

estimated, the mixture was incubated at 50° C. Portions of the

mixture were withdrawn at intervals in order to test the progress

of digestion. The amount of culture fluid used should be such

that an appreciable amount of sugar (by Bang’s method) is

formed during the first hour. A control test was made in which

boiled culture wms used. It may here be stated that in the

absence of toluol, digestion with the bacterial culture resulted in

the disappearance of the starch as measured by the iodine reac-

tion but no sugar could be detected.

IDENTIFICATION OF CATALASE.

The term catalase has been used to denote a substance of pro-

toplasmic origin which produces evolution of oxygen from hydro-

gen peroxide, whose activity is inhibited at or below a boiling

temperature, and which when free from peroxidase does not give

the guaiacum and similar color reactions. The unity of this

substance or the reality of its enzymic nature were not subjects

of investigation. The presence of catalase was determined by

treating the liquid under examination with an equal volume

of approximately 3 per cent neutralized hydrogen peroxide.

To facilitate detection of small volumes of gas formed under

these conditions it \vas often found desirable to pour strong alco-

hol on the surface of the mixture. Bubbles of gas which may
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^

otherwise be obscured by the turbidity of the fluid become easily

visible in passing through the clear, alcoholic layer.

SEPARA.TION OF ENZYMES.

Isolation and purification of enzymes employed in my experi-

ments were accomplished by the use of two procedures, viz:

extraction by acetone and by adsorption. By means of extraction

with 50 per cent acetone, i.e., the addition of one volume of pure

acetone, it is possible to free the fluids which have served as

our sources of enzymes from contaminating proteins, carbohy-

drates and other extraneous matter without affecting the activity

of the enzymes diastase and catalase. The resulting solution

usually gives no reaction with tannic acid. By this means, how-
ever, soluble crystalline material may fail to be removed and hence

adsorption of the enzymes by a number of substances has been

made use of in their isolation in a state of still greater purity.

Experiments have been made to ascertain the influence of 50

per cent acetone upon the diastase and catalase contained in

germinated wheat, autolyzed liver tissue and bacterial cultures.

Germinated wheat A clear aqueous extract of dried germi-

nated wheat contained both diastase and catalase. A similar

extract made with 50 per cent acetone was found to contain only
diastase. Throughout these tests it was uniformly found that
catalase was insoluble in this fluid. Residues from the extrac-
tion with acetone possessed catalytic activity, hence the ferment
IS not destroyed by this reagent. Furthermore, on mixing some
of the catalytically active residue with a mixture of equal vol-
umes of hydrogen peroxide and acetone, oxygen is evolved in
large amounts. Failure to detect catalase in 50 per cent acetone
extracts must therefore have been due to its insolubility in this
medium.

Autolyzed liver tissue. When liver tissue cut in small pieces is

allowed to autolyze in the presence of water and toluol containing
o*S percent of thymol, a solution results which possesses marked
catalytic power. During the earlier stages of self digestion it also
contains diastase. If such an extract is mixed with an equal
volume of acetone a heavy precipitate results, the filtrate from
^ ich contains no catalase. It does however contain appreciable
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amounts of diastase, sometimes a considerable quantity. As a

rule the diastatic power of such a filtrate is not equivalent to

that of the original solution. The experiments on germinated

wheat showed that diastase was soluble in 50 per cent acetone

and it seems evident, in view of the adsorption experiments to be

described later, that diastase is carried down with the precipi-

tate caused by the acetone. Diastase will therefore be contained

in the filtrate only when this precipitate is not sufficient in bulk

to adsorb all of it. These facts have suggested the possibility of

separating enzymes from their solutions by the addition of a pro-

tein such as Witte’s peptone after treatment with acetone. Such

a method will be described later.

Bacterial cultures. In the separation of the enzymes from

bacterial cultures, filtration is ineffective because of the fact that

the enzymes are apt to be retained by the filter. Centrifuga-

tion is difficult and at best affords incomplete separation. It has

been found however that when an equal volume of acetone is

added to a bacterial culture, and allowed to act on the bacterial

cells for some time before it is removed in great part by evapora-

tion under an air blast at room temperature or at 40° C. the result-

ing unfiltered fluid possessed greater diastatic activity than the

original culture. This may have been due to the action of the

acetone upon the bacterial cells in killing them and rendering

them more permeable to their own enzymes. From a fluid so

obtained more of the ferment could be obtained by the adsorp-

tion methods to be described than from the original fluid. This

method may have extended application in the extraction of

bacterial cells for other purposes.

ADSORPTION OF THE FERMENTS.

Witte’s peptone. By the addition of Witte’s peptone in 10 per

cent watery solution to a solution containing diastase or cata-

lase and subsequently adding an equal volume of acetone a preci-

cipitate will be obtained in which the ferments are concentrated.

I have made use of this observation in the methods employed

in these experiments. As a reagent 20 grams of Witte’s peptone

were dissolved in 200 cc. of hot water. It should not be boiled

but the heat should be great enough to destroy any ferments
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which might be present. After cooling an equal volume of ace-

tone is added, the abundant precipitate allowed to subside and

the supernatant fluid removed by decantation. To the precipi-

tate is added enough 50 per cent acetone to make the mixture up

to the original volume, i.e., 200 cc. This reagent, a 10 per cent

suspension of precipitated peptone in 50 per cent acetone, is

applied for the adsorption of diastase and catalase from liquids

containing them. Such liquids are treated with equal volumes

of acetone and 10 cc. of the peptone suspension, containing i

gram of peptone, are added. The precipitate with the adsorbed

enzyme, is removed by decantation or by the centrifuge. It may
be washed with 50 per cent acetone though this is usually unneces-

sary. If the separation of the enzyme is not quantitative the

process can be repeated until all of the enzyme is so removed.

The precipitate can then be digested in water and the action of

the adsorbed enzymes tested.

This method is of advantage not only because it concentrates

the enzymes but especially because it removes such impurities as

may be precipitated by 50 per cent acetone and such soluble

crystalline substances as are not absorbed by the peptone. The
enzyme separated by this method, is however associated with
the peptone from which it is indistinguishable.

Lead phosphate. The lead phosphate reagent used in this

method was prepared by precipitating too cc. of 0.3 m solution

of lead acetate with 100 cc. of 0.2 m solution of sodium phosphate,
washing the precipitate thoroughly with water and finally sus-

pending it in 500 cc. of water. According to Dammeri normal
lead phosphate does not hydrolyze in cold water and only slowly
in Water at 50° C.

For adsorbing the enzymes studied in these experiments, one
Volume of this suspension of lead phosphate was added to the
fluid containing diastase, either aqueous or containing 50 pet
cent of acetone. A more concentrated suspension of lead phos-
phate may be used if dilution is to be avoided. The advantage
which this reagent possesses over the Witte’s peptone is that it
favors more complete purification of the enzyme. The insolu-
bility, real or supposed, of the enzymes in condition of adsorption
oes not prevent their action upon their appropriate substrata.

' Hattdb, d, aiwrg, Chcm,, iv., p.560, 1903.
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The methods described in this paper for obaining diastase

and catalase from different types of materials may be briefly

summarized as follows:

Solid materials, e.g., germinated wheat or autolyzed liver, are

extracted wdth ^vater, toluol-thymol being used as an antiseptic.

An equal volume of concentrated acetone is added to the extract

and the mixture \varmed at 40° C. for a short time. A heavy

precipitate formed under these conditions is apt to contain most of

the enzymes, diastase and catalase. If no precipitate forms, the

enzymes are absorbed from the fluid by means of Witte*s pep-

tone suspended in 50 per cent acetone or by normal lead phosphate

suspended in w-ater.

Liquid bacterial cultures are treated with equal volumes of

acetone. If lead phosphate is used as the adsorbent, it is added

to the mixture in watery suspension after the bulk of acetone has

been removed by evaporation. For the peptone method ace-

tone is again added in the same quantity (or it is not removed at

all) and the mixture finally treated with a suspension of Witte’s

peptone in 50 per cent acetone.

RESULTS OF EXPERIMENTS.

The experiments described in this section illustrate the applica-

tion of these methods in a variety of conditions.

Adsorption by Lead Phosphate,

Ten cc. of an extract of germinated wheat made with 50 per cent ace-

tone were thoroughly mixed with locc. of lead phosphate suspension.

The lead phosphate (with its adsorbed enzymes) was removed by the cen-

trifuge and made up to 10 cc. with distilled water. This suspension,

designated as Precipitate i, was mixed with 10 cc. of a i per cent soluble

starch solution, and incubated at 50° C. after estimating sugar in the mix-

ture by Bang’s method.

The centrifugate obtained above was treated with the lead phosphate

obtained by centrifuging 10 cc. of the watery suspension of lead phosphate

used as adsorption reagent, and the mixture made up to 20 cc. with dis-

tilled water. After thorough shaking, the lead phosphate (with its

adsorbed enzyme) designated as Precipitate 2, was removed by the cen-

trifuge, made up to 10 cc. with water, mixed with an equal volume of a

I per cent solution of soluble starch and, after estimation of its sugar con-

tent, incubated at 50° C.
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Sugar estimations were made at the end of r8 hours and at the end of

24 hours incubation.

The results are given in the following table:

TABLE 1 ,

VOLUUB OP HTDaoXTLAiXINE.

1

anOATu

1

1

' Xnitiai

!

reading.

1

! After 18
hours of

^incubation.

! After 24
hours of

incubation.

1 Hydroxyl*
amine

' difference.

ce. 1 ec. cc. cc. mg./cc.

Precipitate No. 1 7.1 4.7 4.7 2.4 1.0

Precipitate No. 2 7.55
,

7.1
j

7.1
j

0.45
;

0.2

Filtrate No. 2 6.4 I

1

6.4
1

1

6.4

i

These results show that the first treatment with lead phosphate

resulted in the adsorption of about five-sixths of the diastase, the

remainder being removed by the second addition of lead phos-

phate.

It is probable that a given quantity of lead phosphate has its

characteristic saturation capacity and hence to remove all of the

enzyme from a fluid it may be necessary to treat it more than once
with the adsorbent. The relation between quantity of adsorb-
ent and quantity of enzyme requires further investigation than
has here been given it. Similar results to those given above
have frequently been obtained and show the capacity of lead

phosphate to adsorb diastase completely and in an active condi-
tion.

The next series of experiments showed the power of lead phos-
phate to adsorb diastase from extremely dilute solutions.

One cc. of the acetone extract of germinated wheat used above was
diluted to 100 cc. with water, lo cc. of lead phosphate suspension were
added, the mixture thoroughly shaken, and after settling, the supernatant
fluid was decanted. The precipitate was made up to lo cc. with water,
mixed with lo cc. of i per cent soluble starch, sugar content estimated and

bated at 50*. The hydroxylamine values were as follows:
Before incubation, 8.3 cc.; after 3 hours, 6.4 cc.; after 5} hours, 6,1 cc.;

after 23 hours, 6.1 cc. The hydroxylamine difference is thus 2.2 cc. which
represents very nearly i mg. of sugar per cc. that was produced by the
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adsorbed diastase. Negative results were obtained when the filtrate from
the lead phosphate was similarly tested.

A series of experiments to determine the possible effect of lead

phosphate upon diastatic action was made as follows:

Six cc. of lead phosphate suspension were added to 4 cc. of a 50
per cent acetone extract of malted wheat. After thorough shaking,

10 cc. of I per cent soluble starch solution was added after estimation of

sugar in a portion of the mixture, the rest was incubated at 50® C. for4S

hours. As a control, a mixture of 4 cc. of the same extract, with 6 cc. of

water and 10 cc. of soluble starch was similarly incubated. The results

follow

:

TABLE 2.

i VOLUME OF HTDROXTLAMINE.

COMPOSITION. 1

Initial
reading.

After -IS

hours.

Hydroxyl-
amine.

difference.

Accelera-
tion.

SUGAR.

cc. cc. cc.
'

cc. fnj;./cc.

4 cc. extract of wheat!

10 “ per cent starch

G - Pb3 (P0,)3
J

4 “ extract of wheat!

1

1

1

4.7

1

0.9 3.S

1

1.7 0.7
1

10 1 per cent starch 4.2 2.1 2.1

G ** distilled water
J

1

The results show that the action of diastase is markedly accel-

erated by the presence of lead phosphate. The possible causes of

this acceleration have not been studied.

The diastase contained in an extract of autolyzed liver tissue

may similarly be adsorbed by lead phosphate as the following

experiment indicates:

Fifty cc. of aqueous extract of liver tissue which had been allowed to

undergo 10 days autolysis was mixed with 50 cc. of lead phosphate sus-

pension. After shaking thoroughly and allowing the precipitate to

settle 75 cc. of supernatant fluid were removed by decantation and the

residue (25 cc.) made up to 50 cc. with a 10 per cent solution of soluble

starch. This was digested at 50°, portions being withdrawn for sugar

estimation at the end of 3 and 21 hours. The hydroxylaniine differ-

ences were 0.4, 0.7, and 1.4 cc., respectively. The last value is equivalent

to about 0.6 mg. of sugar per cc.



Amos W. Peters 377

The following experiment indicates the applicability of the

method in the removal of diastase from bacterial cultures.

One hundred cc. of the bacterial culture were thoroughly shaken with

ao cc, of toluol and 8 3 cc. of the aqueous fluid removed by a siphon. To
this was added an equal volume of lead phosphate suspension. On separa-

tion of the precipitate from the supernatant fluid by decantation, both

were found to contain diastase. If however the lead phosphate precipi-

tate is collected upon a filter paper by means of a Buchner funnel and suc-

tion and the supernatant fluid passed through the layer of lead phosphate

on the paper, the latter takes up practically all of the diastase. The
results given below show -that this is the case. The precipitate with the

filter paper was suspended in water and i per cent soluble starch added in

such proportion that the volumeof the mixture was the same as thatof the

original culture and contained 0.5 per cent of soluble starch. The filtrate

was mixed with an equal volume of i per cent soluble starch and hence the

fluid is twice as dilute as the original culture.

Duration of
digestion

I hours.

0

3i
15.7

TABLE 3.

Precipitate,

Hydroxylaraine
difference.

0

1.5

2.0

Duration of
digestion, hours.

0

3i

16

Filtrate,

Hydroxylanune
difference.

0

0

0.2

These results show that this procedure was successful in
removing practically all of the diastase from the culture fluid.

The power of some other substances to adsorb diastase and
catalase in a similar fashion has been tested. Zinc phosphatewas
found to be less efficient in adsorbing diastase and possessed no
power of increasing its activity as did lead phosphate. Precipi-
tated gelatinous aluminum phosphate was less active than zinc
phosphate. Zinc oxide used in the same manner gave precipi-
tates and filtrates which were wholly inactive.
The following experiments represent attempts to remove the

enzyme from the lead phosphate after adsorption.
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The diastase from lo cc. of a strongly diastatic extract of

germinated wheat was adsorbed by means of lead phosphate,

the latter was thoroughly washed with water, made up to 20 cc.

with water and 20 cc. of 0.002 per cent phosphoric acid added.

The mixture was allowed to stand for two days at room tempera-

ture: at the end of this time, 10 cc. of the clear, acid superna-

tant fluid was withdrawn and tested for diastase with negative

results. The lead phosphate in this mixture when washed free

of acid was found to be strongly diastatic. The failure of acidi-

fied water to dissolve the diastase may possibly be connected

with the inhibitive influence which the acid of the medium would

exert upon the very small hydrolysis of normal lead phosphate

at room temperature.

The power of alkalies to remove the enzyme from the adsorb-

ent was not tried on account of the well-known power of alka-

lies to inactivate diastase.

Distilled water and 50 per cent acetone were tested in this

regard. The results showed that appreciable amounts of dias-

tase could be extracted from the lead phosphate precipitate by

distilled water; 50 per cent acetone was found to be about one-

half as active as water in this respect. Fifty per cent glycerine

was also found to be an excellent solvent and preservative. It

should be noted in this connection that the purer an aqueous

solution of diastase is, the greater is its instability and this fact

may have a bearing upon the above experiments. Since lead

phosphate adsorbs the enzyme in a very active condition there

is for many purposes no need of its solution. The preparation

of the thus far imaginary pure diastase was not sought in these

experiments.

Adsorption by the Protein Method.

The following experiments illustrate the application of the

method of adsorption of diastase by peptone.

An active aqueous extract of germinated wheat was prepared and fil-

tered. 25 cc. of acetone were added to 2^ cc. of the extract, no precipitate

being formed. 10 cc. of the peptone reagent was added and after standing

for an hour with occasional shaking the precipitated peptone was removed

by the centrifuge. Both precipitate and supernatant fluid (designated

filtrate) were tested as follows: The. precipitate, treated with 25 cc. of
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water and mixed with 25 cc. of i per cent soluble starch, was incubated

at 50® for I hour. At the end of this time the sugar estimation showed

an bydroxylamine difference of 2.9 cc., equivalent to 1.2 mg. of sugar per

cc, 20 cc. of the filtrate was mixed with 20 cc. of i per cent soluble starch

which made the fluid containing the enzyme about 5 times as dilute as the

original extract. Sugar estimation in this digestion mixture gave an

bydroxylamine difference of 2.S cc. in the first hour, showing that a large

portion of the diastase had not been adsorbed. By repeated application of

the peptone reagent practically all of the diastase could have been removed

from the original extract.

Another experiment illustrates the removal of diastase by this

method from an extract of autolyzed liver tissue.

Fifty cc. of an extract of liver tissue autolyzed for 7 days was mixed
with 50 cc. of acetone and wanned at 40® for 15 minutes. The precipitate

so obtained was filtered off, suspended in distilled water and warmed at 40®

for 3 hours. At the end of this time the insoluble matter, designated below
“Residue” was filtered off. The filtrate from the residue is designated

the “Digest.” The “Residue” was mixed with distilled water and starch

solution so that the volume of the mixture was the same as the volume of

the original liver extract. A portion of the “Digest” was mixed with
starch solution in proportion to make the dilution 3 compared with the

original liver extract. Another portion of the “Digest” was mixed with
lead phosphate reagent, the final dilution of the diastase in this mixture
also being 3. All were incubated at 50*^ with the following results:

TABLE 4 .

Residue.

Duration of
aigesttOQ, hours.

0

\

3 i

Hydroxylamlne
difference.

cc.

0

0.7

1.3

Digest.

^
Duration of

dj];esU'on. hours.

0

1

5

Hydroxylamine
difference.

cc.

0

0.2

0.4

Lead Phoaykale.

Duration of
dicosUon, hours.

0

u
03

Hydfoxylamiae
difference.

cc.

0

0.2

1.0
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These figures show that much diastase remained unextracted

in the residue and that such quantity as is extracted is easily

concentrated by lead phosphate, thus showing that the two
processes can be used together. The accelerating effect of the

lead phosphate is of course represented in the above figures.

The method as applied to a bacterial culture is illustrated by
the following experiment

:

Twenty-two cc.of a perfectly clear fluid very rich in diastase was removed
by decantation from a 7 days' old bacterial culture. 22 cc. of acetone were
added, without forming a precipitate, 6 cc. of peptone reagent were then

added, and the precipitated peptone removed by the centrifuge. The
fluid was again treated with 6 cc. of peptone reagent, and the precipitated

peptone removed by the centrifuge. Each of these precipitates was
digested in 22 cc. of water and 22 cc. of i per cent soluble starch solution.

Sugar estimations after incubation at 50° gave the following results;

Duration of
digestion, hours.

" 0

0.6

1

11.5

TABLE 5 .

Precij>Uate 1,

Hydroxylamine
difforcQce.

0

0.7

0.9

3.2

Duration of
digestion, hours.

0

1

s

Precipitate 2,

?Iydroxylamino
difference.

0

0.1

1.1

QUESTIONS FOR FURTHER INVESTIGATION.

There are important aspects of the method of adsorption and

also of uses to which it might be applied that have not been

developed in this paper. Among these may be mentioned its

quantitative relations, such as the saturation capacity of a given

amount of adsorbent, also the quantitative separation of the

enzymes. Further questions pertain to the purity of the en-

zymes adsorbed and the feasibility of studying their properties

as they are e-xhibited by the adsorbed substance. There also re-

mains the fundamental question of the real nature of the process

here only conventionally denominated as adsorption.
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in two fractions; one at 100° and 10 mm. pressure, the other at
200° and 10 mm. pressure. The distillate obtained in the first

fraction was saponified by prolonged boiling in water. The dis-

tillate secured in the second fraction was saponified b\ heating

in baryta water, the barium removed with sulphuric acid. These
two solutions of amido-acids were then concentrated at 50° and
a pressure of 10 mm. until the first signs of crystallization appeared
at room temperature; that is, concentrated to saturated solutions.

Three hundred and seventy-five grams of arginin, prepared from

previous lots of salmin, were then converted into the carbonate

according to the method of the Kossel school, and a saturated

solution formed therefrom. In such a solution are represented

three states of arginin, in equilibrium; the carbonate, bicarbonate

and hydroxide. These three solutions were then mixed. From
this solution, which formed the substrate of the experiment, two

small controls were prepared: one consisting of the plain solution;

the second consisting of an equal amount, to which had been

added some of the glycerin extract that had been inactivated by

heating. The remaining bulk of the solution was divided into two

parts. To one, representing half of the material, was added

100 cc. of a fresh glycerin extract of the livers of the variet}" of

clam used in the previous e.xperiment. To the other lot was

added 2 grams of pancreatin (Griibler’s Pancreatin nach Spate-

holz). To each, toluol "was added in large amount, and the four

tests then set aside for nearly four months at room temperature,

sealed.

As time passed cloudiness dev^eloped in the two larger tests;

the two controls remained clear. At the end of nearly four

months, the containers were opened and the contents tested

bacteriologically, with negative results. All the four solutions

were then diluted with four volumes of water, acidulated with

sulphuric acid and mixed with three volumes of absolute alcohol.

Heavy white precipitates occurred in the tw’o larger tests; none

in the controls.

The precipitate in the test with the glycerin extract of the clam

liver was washed with alcohol, redissolved in water, precipitated

and washed with alcohol, again dissolved in w^ater and a third

time precipitated and washed with alcohol. Finally it was dis-

solved in water, precipitated as the picrate and again recovered
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according to the Kossel method for the purification of salmin.

It was finally again precipitated from solution in water by alco-

hol, washed with alcohol, then absolute alcohol, then ether, the

ether removed mth a stream of dry air, and the powder dried

in vactio over sulphuric acid for a week, then dried for several

days in vacno at 105®. It was a white, rather fluffy powder,

and %veighed 5.3 grams. This powder was soluble in thirty parts

of water at room temperature, was salted out of solution by satu-

ration with ammonium sulphate and by 10 per cent concentration

of sodium chloride. On mixing with blood serum, a heavy

colloidal precipitate was produced. It was easily digested with

trypsin, but was entirely resistant to pepsin. One gratn of the

powder, on hydrolysis with hydrochloric acid, yielded 0.89 gram

of arginin. The elementary analysis of the powder gave the

following figures:

gm. of substance yielded 0.5028 gm. CO2 and 0.2051 gm. H2O.

0.3024 gm. of substance yielded 0.079 gtn. of nitrogen,

0-5400 gm. of substance yielded 0.2659 gtn. barium sulphate.

There are two slightly varying formulae ascribed to salmin,

based upon different analyses by different men. I tabulate them
as follows

:

Piccard

Piccard

Cloetta

Schmiedeberg

ICossdI

Kossel

Taylor

Taylor

C:^H„]Nr„Oe-

filial^

C3oH,„NnO,,

.C,cH2,N,02.

The figures of Goto^ agree with none of these fully, best with the
last figure of Kossel. The variations in the hydrogen and oxygen
ina> be disregarded, th--* real difference is in the ratio of carbon to
nitrogen. This ratio is for the formula 1777: 1000;
for the formula C^oH^gN^Oj, 1765 ; 1000. If the figures for the ele-

mentary analysis are to be contrasted with the figures demanded
by these tWD equations, the larger formula must be written vdth
the same relations in the hydrogen and oxygen that obtain in the
smaller. Then we have

:

* Goto: Zetfsehr, /. physioL C/icm,, xxxvii, p. 94.
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c

Calculated for
C16H29N0O2.H2SO4 :

40.25

Found:

40.3

Calculated for
C3oHs3Nij04.2H^O*.

39.62
H 6.50 6.7 6.25
N 26.41 20.2 26.12
H.^04 20.55 20.7 21.51

The figures present a satisfactory agreement with those de-

manded by the first equation. During the course of the experi-

ment therefore there has been formed from the amido-acids a

substance having the percentage composition of salmin. This

substance has the common reactions of salmin, though these

are of little value as criteria for the question under consideration.

A specific reaction for salmin is not known. From the stand-

point of the physical chemist there can be no question that in

view of the theory of reversed reactions, the substance might

without further investigation be denominated as salmin. From
the point of view of organic chemistry, however, the qualitative

demonstration in the strictest sense has not been accomplished;

it has not been shown that the substance obtained by synthesis

is the same in molecular construction as that natively residing in

the spermatazoa of the salmon.

This aspect of the question demands particular attention in

view of the fact that in the reported syntheses of disaccharides

from hexoses under the action of ferments, the iso-sugars have

been obtained, not the natural disaccharides from which the

primary sugars were derived. There can be no question that in

these several investigations disaccharides have been synthesized

from monosaccharides, but there has been a qualitative devia-

tion. In the language of Wegschneider, there has been not only

a “Folgewirkung” but also a “Nebenvdrkung.” In view of

the little we know of the iso-sugars, these reversion experiments

urgently require repetition and amplification. But there can

be no question, in view of the results of the elementary analyses

that disaccharides have been formed from monosaccharides

through the action of inversion-ferments.

Salmin is composed of four amido-acids, as described by Kos-

sel; arginin, serin, prolin, and amidovalerianic acid. If the

molecule of salmin contained but one molecule each of the four

named amido-acids (disregarding the stereoisomerism of the

amido-acids) it is evident that twelve isomeric molecular forms
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would be possible. Each molecule of salmin, however, contains

not one molecule each of the component amido-acids, but several.

Kossel and Dakin' have suggested two formulfe;

lo mol. arginin + i mol. amidovalerianic acid + 2 mol. prolin + 2 mol.

serin;

12 tnol. arginin + i mol, amidovalerianic acid + 3 mol. proHn + 2 moL

serin.

In another paper^ I suggest another equation, very like those

of Kossel and Dakin:

12 mol. arginin + i tnol. amidovalerianic acid + 2 mol. prolin 3 mol.

serin.

The number of isomers in such an equation would run into

the hundreds. The investigations of the Fischer school have

taught us that in the study of the polypeptides, the condensation-

products of amido-acids that so much resemble peptones, it is

possible to determine to some extent the relations in the linkings

in the chains of amido-acids. These methods are not at present

highly enough developed t ) be applied to the study of protamins;

we know nothing of the linkings of the amido-acids in their

moleciiles. Since we do not know the internal structure of the

molecule of salmin as it occurs in nature, we cannot determine

whether the substance of the same percentage composition and
generally known reactions obtained in the experiment herein re-

ported is identical with the salmin that occurs in the spermatazoa

of the salmin or an isomer. There can be no question that a
protamin has been synthesized; thequalitative study of the prod-
uct must however await new and exact knowledge of the molec-
ular structure of natural salmin. I believe it to be the same
protamin, there are no apparent reasons to doubt it; but it must
be admitted that from the standpoint of the strict organic chem-
ist it is not now possible to prove that in this molecule exist the
same linkings of amido-acids that exist in the natural protamin
in the spermatozoa of the salmon. The velocity of the reaction
is low, the yield very small—as has been the fact with all ferment
reversions. The remainder of the material will be preserved for
future investigations.

* Kossel and Dakin: Zeitschr„ f, physiol, CJtcm., xii, p. 407, 1904,
* Taylor: This JourHal^ v, p. 394, 1909.
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The material precipitated .by alcohol in the test with borine
pancreatin is not a protamin. The amount w^as 3.8 grams. It

is salted out of watery solution by saturation w-ith ammonium
sulphate, but not by a 10 per cent concentration of sodium
chloride. It is not only digestible with trypsin, but also by pep-

sin as well. The analysis for nitrogen indicates that the sub-

stance cannot be a protamin.

0.3229 gram of substance yielded 0.0716 gram of nitrogen = 22.2 per

cent.

This figure is far too low for salmin sulphate, being much nearer

that of arginin sulphate. This substance is not, however, to be

derived from the preparation of pancreatin used in the experiment.

One and a half grams of this pancreatin dissolved in 60 parts of

water and mixed with 3 volumes of alcohol will not give a heavy

precipitate. Nevertheless, in the futime, fresh pancreatic juice

alone is to be employed. I have done nothing further with this

material. Rather than consume it in analytical studies that

would in all probability reveal nothing, I shall reserve it for the

following future experiment: the reintroduction of the material

into a saturated solution of the amido-acids concerned, in the

presence of fresh trypsin. This experiment oughtinmy opinion

to be done with the iso-maltose and iso-lactose; they should be

placed in strong solutions of the appropriate hexoses, with fresh

portions of the inversion-ferments to determine whether further

changes would occur.

Additional investigations with the ferments in the liver of the

clam have yielded interesting results. The enzymic strength

of different glycerin extracts varies greatly at different times,

with different collections, and at different seasons of the year.

The habits of the clams are so little understood that it is not pos-

sible to attempt to relate the variations to any variables in their

habits of life. Certain is one fact: that at the times when the

glycerin extract is quite inert, examination of the digestive appa-

ratus will indicate that the animal is fasting. There are great

seasonal variations in the condition of the clams; in the summer

they are usually fat and large, in the winter often poor and thin.

Investigations of the glycerin extract have also elicited one other

fact of importance: it contains (apart from the amylase that does



387Alonzo Englebert Taylor

not here concern us) not only a trypsin, but also an erepsin.

This is made probable by the fact that at neutral reaction the

extract will digest peptone with rapidity, but is able to make

very little impression upon native albumin. The glycerin ex-

tract contains but traces of protein. With three parts of alcohol

but a slight yellowish precipitate is produced. Tannic acid, how-

ever, brings down a much heavier precipitate.

It is my intention to repeat these experiments next season

upon a very large scale, "with the use of fresh ferments from dif-

ferent sources, and with the experiments extended over longer

intervals of time, up to a year at least. With proper technique,

it ought to be possible, without violating the conditions of bac-

terial sterility in the tests to introduce at regular intervals fresh

portions of active ferments, in order that the enzymic action

may be maintained at the maximum, and the inactivation of the

ferments circumvented. So far as I can determine by compara-

tive tests, the trypsin from the clam differs from the trypsin of

higher mammalians only in an increased resistance to hydroly-

sis; in general the ferments from the cold-blooded animals, espe-

cially the marine animals, are much more resistant than those

derived from higher animals. If the fresh pancreatic juice of the

dog were added each week to such a reversion experiment, the

result ought to be the same. In time I shall have such experi-

ments to report. Some of the ferments of vegetable origin de-

serve also a trial.

Some of the analyses' herein reported were done in the labor-

atory for physical chemistry of the Nobel Institute, Stockholm,
and in the chemical laboratory of the Stockholm High School.
For these facilities, I take pleasure in expressing my appreciation
to Prof. Svante Arrhenius, and to Prof. H. v. Euler.
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According to the investigations of Kossel and Dakin* the

protamin of the salmon yields on hydrolysis arginin, an amino-

valerianic acid, serin and prolin. Abderhaldem analyzed a

preparation of salmin and reported further the positive finding

of leucin, alanin, with probably phenylalanin and aspartic

acid. Having in hand material of exceptional purity, I have

been able to reinvestigate the matter, and here report the

results of this study, together with some general considerations

bearing upon the question of the derivation of protamin in

the metabolism of the salmon. The results of my analyses

show that the statements of Kossel and Dakin are correct, those

of Abderhalden in error.

To obtain a pure protamin, much more is necessary than to

follow the methods of Miescher. The desiderata are of two
kinds : the proper collection of the raw material, and the meth-
ods of Kossel for the isolation of the base. The ripening of

the salmon testicle is a process lasting weeks. Careful studies

upon the part of those engaged in the extensive salmon hatch-

eries in California have shown that from four to six weeks are

consumed in the ascent of the fish to the mouths of the Battle

Creek and the McCloud river, where the hatcheries are situated.

Salmon caught in the brackish water of the bays of San Fran-
cisco and San Pablo and in the tide waters of the lower Sacra-
mento river (where the fish still feed), display in their testicles

not a little protamin. Some of the male fish are ripe on their

' Kossel and Dakin: Zctischr, /. physiol, Chem,, xl, pp. 31 1, 565, 1904;
xU, p. 407, 1904.

* Abderhalden; Zciischr* f, physiol, xU, p. 55, 1904.

3S9



390 Composition and Derivation of Protamin

arrival at the waters of the hatcheries; others remain for weeks
after their arrival in the impounding basin before the sperm has
ripened. The process of ripening has two main stages: the

maturation of the spermatazoa, which requires weeks, probably

months; and the liquefaction of the intercellular connective

tissue of the testicle, whereby the testicular tissue becomes con-

verted into fluid sperm. This process of liquefaction does not

occur in the testicle eu Hoc, but extends through some ten days;

in other words, the entire testicle does not become ripe at once.

In the practical operation of the hatehery utilization is made
of this fact. As the salmon ascend the stream on which the

hatchery is located, they are trapped and impounded in a large

basin in the stream, salmon-runs being installed at the lower

end of the pond, while above the further ascent of the fish is

barred with wooden gratings. This pond is seined several times

daily. All the “ripe females” caught are retained and placed

in crates; the “unripe females” are returned to the pond. Only so

many of the “ripe males” caught are retained as may be neces-

sary to keep the pens designed for them filled, the rest are returned

to the pond. For the purpose of the hatchery the males are

alwaj's in large excess. At a certain time of each day, the

“ripe females” caught upon the previous day are killed and

their eggs plaeed in containers. The male salmon are taken

from their pens, allowed to lie upon a platform oiit of water

until they are so far stupefied by lack of respiration that they

may be handled, when they are held over the dishes containing

the eggs and the sperm ejected therein by gently milking the

ventral surface of the fish. When no further flow of sperm is

to be obtained, the male fish are returned to their pens, where

recovery soon occurs. The male fish will be stripped in this

manner daily until the entire testicle is liquefied and the fish

exhausted. A healthy male salmon can be stripped daily for

from six to ten days. Protamin prepared from unripe testicles

will be mixed with protein, histone, and amido-aeid in amounts

proportional to the immaturity of the material, due to the fact

that the unripe glands contain blood, tissue protein, connective

tissue and histone. Protamin prepared from ripe glands will

contain but traces of these, since no blood, cellular protein or

histone remain in the glands, while there will be traces of nucleinic
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acid, and of amido-acids derived from the liquefaction of the

intercellular connective tissue. The nucleinic acid and the

amido-acids tend to cling to the protamin sulphate when the

latter is precipitated with alcohol from aqueous solution. If

the salmin sulphate he separated from a hot saturated solution

in the oil-like state, most of the salts and a part of the organic

impurities, especially the proteins and histone, will be removed.

If later the combination of the picrate be prepared, the remainder

of the organic impurities will be removed if the initial material

was mature. The proteins cannot be entirely removed in this

way. If they be present in considerable amount they will pass

into the oil-like state in a condition of adsorption, and will

remain with the protamin when precipitated with picric add;

when the protamin is finally recovered, part of the protein will

be foimd with it. If one is working with a protamin sulphate

obtained from unripe testicles, where the admixture of protein

and histone is large, one carrying-through of these two manipu-

lations is not sufficient to insure a pure product, as the protein

clings tenaciously; if one is working with a fully ripened material,

containing the least traces of protein, one will secure a pure

product, as the nucleinic acid and amido-acids will be completely

removed by the two procedures of purification. In other words,

the method of Kossel is adapted to yi^\d a pure product when
applied to a ripened initial material, for which it was in fact

devised; it is not suited to the manipulation of tmripe initial

material, nor is any known method. These facts I have stated

in detdl, because to judge from the work of Abderhalden, they
do not seem to be generally known. In his publication^ he
says: **Den Einwand, den man ubrigens gegen jede XJnter-

suchung an Proteinstoffen erheben kann, dass das untersuchte
Material keine Guarantie fur chemische Einheitlichkeit biete,

suchte ich durchmoglichstsorfaltigeDarstellungeinzuschranken.”
He does not state in what the special precautions in the prep-
aration consisted. In his later text-book,^ following the appear-
ance of the article of Kossel and Dakin, he states in reference
to this preparation of salmin, that his own results ^ ^

* Abderhalden: loc. cit.y p. 56.
^ Abderhalden: Lehrbuch der physiologischen Cliemie, pp. 19 1, 192,
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"welcher von einem sorgfaltig gereinigten Salmin zur Beobach-
tung kam, durfte vielleicht in der nicht volligen Reife der Hoden,
aus denen das betreffende Produkt gewonnen war, seine Erk-
larung finden. ” It is to be inferred that Abderhalden obtained

his material from a distance and at second hand, and was not

therefore in a position to control the collection of the material.

Sixty grams (calculated as the base) of most carefully purified

protamin from the quinnat salmon of the Pacific coast, obtained

from fully matured material, were hydrolyzed with hydrochloric

acid and the resultant solution of amido-acids submitted to the

Fischer ester method. In the distillation of the esters but two

fractions were made: the first contained the esters that would

distill over at less than ioo° on a water bath at a pressure of lo

mm.; the second fraction contained all that would distill over

up to 200° on an oil bath, at a pressure of lo mm. The first

fraction was saponified by prolonged boiling in water, the

resultant solution carefully concentrated to a syrup, and this

then dried to a gummy mass in a stream of hot air at 50°. It

was then extracted with warm absolute alcohol three times.

The combined alcoholic extracts were evaporated to dryness

and the residue again extracted with absolute alcohol, this

time with a large volume, over night at room temperature. A
slight residue remained which was returned to the original residue

of the alcoholic extraction. The amido-acid contained in the

alcoholic extract, presumably prolin, was secured by crystalli-

zation on the evaporation of the alcohol. It weighed 6.5 grams.

A portion of this was twice recrystallized from absolute alcohol, and

submitted to analyses for carbon, hydrogen and nitrogen, the

latter by the Kjeldahl method.

The results were:

C
H
N

The figures agree well with those for prolin.

The residue after the extraction with alcohol was dissolved in

the minimum amount of hot water, filtered to remove a slight

flocculation, and hot alcohol added until the first traces of cloudi*

Calculated for

C5H0NO3:

52.2 per cent.

7.S “

12.2

Found:

52.0 per cent.

S.O
"

12.1 “
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ness appeared. On cooling and standing over night, a heavy

crystallization occurred. The crystals were collected by filtra-

tion and the filtrate evaporated to dryness; but a slight trace of a

yellowish gummy material remained, weighing but a few milli-

grams. The crystals obviously included the entire solute. These

crystals were again dissolved in hot water and hot alcohol added

until cloudiness appeared. On cooling and standing over night,

the crystals had again separated out. They were collected,

washed with dilute, then absolute alcohol, finally with ether; the

weight was 3.21 grams. The crystals were twice recrystallized

from alcohol. On analysis the substance, presumably amido-

valerianic acid, gave the following figures:

Calculated for

CfiHuNOj:

C 51.3 per cent.

H 9.4 “

N 11.9

Found:

51.1 per cent.

9.5

12.1 «

The figures agree well with those for amidovalerianic acid.

The fraction of ester secured at the higher temperature was
saponified by heating with baryta water, the baidum carefully

removed with sulphuric acid, filtered hot, the filtrate concen

trated to a syrup, to which hot alcohol was added until a cloudi-

ness appeared. On cooling and standing over several days a
heavy crystallization appeared. The crystals were filtered off,

and the filtrate evaporated to dryness; but a trace of gummy
material remained. The crystals again obviously represented
the entire solute. The crystals were three times recrystallized

from water-alcohol, and weighed 5.22 grams. The substance,

presumably serin, gave on analysis the following figures:

Found:

di,2 per cent.

6.8

13.5

The figures agree well with those for serin. In all these figures
I have used the roimded figure for the first decimal, since it can
be easily shown that the second decimal has no certainty in an
elementary analysis.

Calculated for
CjHtNOj:

. 34.3 per cent.

H 6.G
N 13.3
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Further identification of these substances I have not carried

out, on account of enforced absence from the laborator3^ Were
the subject new, further identification in the qualitatWe sense

would be necessary
;
in viev'' of the work of Kossel and Dakin, how-

ever, I do not consider that it can be doubted that the substances

of the denominated percentage compositions were prolin, serin

and amidovalerianic acid. It is also clear from the results of the

evaporation of the filtrates that the three amido-acids are all

the monamido-acids that were obtained from the salmin by the

Fischer ester method.

A further lot of salmin sulphate (30 grams calculated as salmin)

was hydrolyzed with hj''drochloric acid and the arginin isolated

according to the method of Kossel. The amount was 27.52

grams. From all the figures it is evident that for the prepara-

tion of salmin here under analysis:

One hundred parts protamin -)- 11 water = 91.73 parts arginin

10.83 parts prolin 5.35 parts amidovalerianic acid + 8.70

parts serin. Kossel and Dakin^ have attempted, from the quan-

titative data of a similar anatysis, to determine the composition

and molecular weight of salmin. They suggested two formulas:

10 mol. arginin, 2 mol. serin, i mol. amidovalerianic acid, and 2

mol. prolin, leading to the formula, C8jHi55N4gOig ;
and 12 mol.

arginin, 2 mol. serin, i mol. amidovalerianic acid and 3 mol. prolin

leading to the formula, CgjHjgoNgiO,!. Neither of these formulas

gives the carbon : nitrogen ratio observed in the analyzed prep-

arations of salmin— CigHnoNnOj and CjoHjoNj-Oj. The later anal-

5'ses by Goto of the salts with platinum chloride agree exactly

with neither of these. An equation that does give exactlj' the

carbon: nitrogen ratio of the first of the above two equations,

and which also, with one exception, presents a good agreement

with the analytical results herein reported is the follorving:

12 arginin (CcH^NjOj) -t- 3 serin (C3H7NO3 + i amidovalerianic acid

(CjHnNOj) + 2 prolin (CjHjNO;) = i salmin (CouHij^NjiOu) + i> H.O.

Comparing now the amounts of arginin, serin, prolin and amido-

valerianic acid which such a molecule would yield on hydrolysis

wuth the figures for the amounts obtained in the analyses herein

reported, w’e have in 100 parts:

‘ Kossel and Dakin: loc. cit., xli, p. 414.
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Calculated for Found:
C00HU4N54OJ2:

Arginiu 94.07 91.73

Proliu 10-16 10.83

Valin 5.46 5.35

Serin 13.91 8.70

The agreement m the case of arginin, valin and prolin is good, in

the case of serin very poor. It is, however, known that serin is

isolated with great difficulty, being apparent^ in the state of the

ester not well extracted with ether, and it is possible to account

for the deficit in some such way. Upon the basis of this equation,

the molecular weight of salmin is 2274, a figure vastly lower than

those known approximately for the higher forms of protein. In

his earlier investigation Kossel was led to define the protamins

as the simplest forms of protein. Their general behavior was so

different from that of the common forms of protein, that at that

time objections were energetically raised against the application

of the term protein to protamin. The studies of the Fischer

school upon the amido-acids contained in the proteins have fully

established the correctness of KosseFs position that protamin

is as typical a protein as serum albumin. Most of the higher

forms of protein contain from ten to fifteen different amido-acids

while salmin contains but four, A consideration of the relations

of spacial isomerism as applied to the linkings of the amido-
acids in a molecule of protein will indicate that a substance con-

taining four such components is certain to be'mote simple in its

chemical structure than one containing a dozen components.
The figures given above have naturally only a provisional value,

though from the theoretical point of view, an undoubted impor-
tance does attach to them.

ICosseF has sketched an interesting scheme for the derivation
of the protamins. Protamin he regards as being derived from
histone, and this to have been built up in the salmon from the
fragments (amido-acids) of the disintegration of protein of muscle
since the testicle is in part formed during the period during which
the salmon ascend the streams to spawn, at which time they fast
and their muscles waste; in the case of the other fish, the histones
are naturally to be derived from the amido-acids (respt. protein)

* Kossel*. Ztnischr. physiol. Chcm., xliv, p. 347 , 1905 .
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of the diet. TJiis general scheme, which has in its favor every

known fact, can in the opinion of the writer be made much more
definable if it be interpreted from the standpoint of reversible

reactions. The facts are few and certain. In the testicle of the

salmon of the average size are formed some 30 grams of protamin.

To provide the necessary amido-acids, less than half a kilo of

muscle would be required. The migrating salmon does not feed

after leaving salt or brackish water. At this time the testicles

are rich in histone and contain not a little protamin, derivable

from the proteins of the diet; the amount that must be later

formed during the period of fasting is thus much less than the

total, and the figure of a half kilo of muscle is largely excessive.

The observations of the experts in charge of our fish hatcheries

tend to show that the male salmon lose from 2 to 5 kilos in weight

during the period of migration and spawning. This is partly

fat, partly muscle. During this period the fish are actively

engaged in ascending streams against the current, in driving

marauders from the nests and in combats with each other, all

of which require maintenance, in part mthout question by nius-

cular tissue. Nevertheless, it is certain that the amido-acids

required for the formation of the histone are easily available in

the muscle known to be disintegrated during this period, and

there is no necessity to consider any other source. The hypothet-

ical question concerns the modus opcrandi of the formation of

histone from the amido-acids of the muscle.

Wien proteins are ingested, they reappear in the circulation

in the form of serum albumin and globulins. No matter w'hat the

protein in the diet, in the stage of resorption there is an intra-

molecular rean'angement, so that the circulating protein is in

the state of serum albumin and globulins. These blood proteins

are carried in the circulation to the various tissues, and from them

the cells form myosin, reticulin, gelatin, etc. These transform-

ations concern not only intramolecular rearrangements, with the

maintenance of the same molecular mass; but include also the

introduction or extrusion of particular groups of amido-acids.

In general, the common proteins contain the same amido-acids,

but in different amounts and inferentially in different linkings;

but some proteins contain certain amido-acids, such as cystin or

phenyl-amido-acid, that are not present in others, or but to
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slight degree. The faculty of the body to effect such intramolec-

ular rearrangements is well illustrated in the sugar metabolism.

No matter in what form sugar is ingested, in the blood we find

but one form, d-glucose; in other words, the levulose and galac-

tose are converted into d-glucose by intramolecular rearrange-

ment. This glucose in the blood passes into the active mammary

gland, where it is in part reconverted into d-galactose, which

combined with d-glucose forms milk sugar. D-galactose is also

formed from d-glucose in the central nervous system. That the

different hexoses tend thus to pass into each other was first

shown by Lobry du Bruyn and van Erenstein;' it has been exper-

imentally demonstrated for the mannoses by Neubergand Mayer

In this same manner we assume that the protein of muscle is

formed -from the proteins of the blood serum in the salmon. For

the formation of the histone of the testicle in the salmon, we
may now choose one of two conceptions. According to the one

apparently adopted by Kossel, the muscle protein is disinte-

grated in and the amido-acids thus set free in the circulation

are carried to the testicle, there to be converted into histone.

The second possible conception is to assume that the protein of

the blood serum is taken into the testicular tissue, there hydro-

lyzed by enzymic action, and the histone then built up from the

amido-acids. The reduction in the proteins of the blood senim

thus occasioned is then made good by the reconversion of muscle

protein into serum protein, the reversal of the reaction whereby
during the period of feeding the muscle protein is formed from the

serum protein. In the same manner, as the protein of the blood

senim is burned to maintain the movements of the fish, the loss

is made good by the reconversion of muscle protein into serum
protein. Just as the blood furnishes d-glucose to the mammary
gland, which forms from it d-galactose, so the blood furnishes

to the testicle of the fasting salmon the common protein, from
which histone is formed. In the hypothesis of Kossel, the his-

tone is formed frjm amido-acids derived from the cleavage of

muscle protein in the muscles and transported to the testicle by

* Lobxy de Bruyn and van Erenstein: Bcr. d. daUsch. chcm, Gessellsch.,
XXV jii, pp. 3078, 3085, 1898; Rev, Chim, d. Pays-Bas,^ xiv, pp. xi6, 203,
1898; xvj, p, 263.

* Neuberg and Mayer: Zcitschr, f, physiol Chan,, xxxn, p. 256, 190X.
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the circulation. In the hypothesis here suggested, the histone

is formed from the proteins of the blood serum, the cleavage of

which is assumed to occur in the testicle; since the blood proteins

are in the fasting fish held to be derived from the muscle protein

the histone is of course derived from the muscle, though indirectly.

In favor of the hypothesis here suggested is the fact that the pro-

teins of the blood serum constitute the substratum from which

are formed all the specialized proteins of the body, and it is

natural to believe that this modus applies also to the formation

of histone. In this entire argument it is assumed that histone

is constructed from preformed amido-acids; that these might

be synthesized in the testicle is not impossible, but there is every

reason to believe that the building-stones of the histone, and thus

of protamin, are derived from the hydrolysis of the body protein.
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Since the earliest da>s in the study of the digestive ferments,

pepsin and ch>inosin have been considered as distinct substances

endowed with properties of very different nature, though both

the secretion-products of one organ. Within recent years, how-

ever, through the work of Nencki and Sieber,^ Schoumow-Siman-
owski,® Sawjalow,® Gewin,^ and especially of Pawlow,® the idea

has been advanced that they are in reality but one substance.

The older conception has been defended by Schmidt-Nielsen,®

Bang,^ Hemmeter,® Jacoby® and especially by Hammarsten to

whose work so much of our present knowledge of the coagulation

of milk is due. Owing to the indefiniteness of our conceptions

of the chemical nature of the coagulation of milk, the proponents
of the unistic theory cannot be expected to put into concrete

terms just what they conceive the action of pepsin upon the milk
to be, but in general terms we may say that the conversion of

casein into paracasein is held to be the result of the proteolytic

action of the pepsin upon the casein (probably a reaction of

hydrolysis), the actual coagulation of the paracasein being, as

* Nencki and Sieber: Zeitschr, /, physiol. Chem., xxiii, p. 291, 1901.
* Schoutnow-Simanowski: ArcJt. f, exper. Path. «. Phann., xxxiii,

P- 336. 1S99.

‘Sawjalow: Zeitschr. f. physiol. C/im., xlvi, p. 307, 1905.
‘Gewin: Ibid., liv, p. 32, 1907.
* Pawlow and Parastschuk: Ibid., xUi, p. 415, 1904.
* Schmidt-Nielson: Ibid,, xlviii, p. 92, 1906.
’*Bang: Ibid., xUii, p. 358, 1904,
* Hcmmcter: Bcrl, klin. Wochenschr., Ewald Festnutnmer, 44, 1905.
* Jacoby; Btochem. Zeitschr., i, p. 53, 1905.
Hammarsten: Zeitschr^ f. fhystol. Chem., Ivi, p. 18, 190S.
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generally admitted, a purely secondary and extraneous process.

The unistic conception is with strict consistenc)' applied to the

pancreatic juice, which contains also a curdling ferment; this

is held to be identical wdth the trypsin. The proposition of the

unistic school is in chemical terms to be stated concretely as

follows; the coagulating and the proteotytic properties of the

molecule of pepsin reside in different group.'’ within the molecule,

just as an organic molecule may contain a carboxyl and an hy-

droxyl group. There is unquestionably a legitimate application

of the well-known facts of organic chemistry to this problem. In

innumerable instances is it known that reactions of different

types may be carried on independently with the different groups

contained in a large organic molecule or even in relatively small

ones. Upon the basis of the current conception of fermentative

acceleration as consisting in the establishment of intermediary

reactions, the chemical properties of the different groups within

the molecule would determine whether a certain substance could

be an accelerator for a certain reaction; and a single molecule

could in all correctness be assumed to contain different groups

that would qualify it to act as the accelerator for different

reactions. The digestion of protein is an act of hydrolysis; the

presence of pepsin introduces into the reaction between the pro-

tein and water new intermediary steps whereby the internal

resistance in the molecule of pepsin is reduced and the velocity of

the cleavage increased. There is no theoretical reason why the

molecule of pepsin should not contain another group that bears

the same relation to the reaction between casein and water,

whatever the nature of that reaction may be. A simple scheme

will make the matter clear.

Protein + water

Protein -J- water

Casein + water

Casein + water

AR-PEPSIN-RB
= Proteose (slow reaction).

AR-Pepsin-RB = Proteose (rapid reaction).

= Paracasein (slow reaction).

+ BR-Pepsin-RA «= Paracasein (rapid reaction).

There can be no theoretical reason why the two reactions should

not be carried on simultaneously. Whether this scheme is true

or not, is a matter to be determined by investigation. Whether

the assumption be a nattiral and obvious one or a distant and
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vague conjecture, is also of no consequence so far as the theory

of fermentation is concerned; upon the theory of fermentation as

representing the acceleration of a reaction through the reduction

in the internal resistance by the installation of new intermediary

reactions, the hypothesis of Pawlow is logical and permissible.

It is possible to go further; there is no reason why all the enzymic

activities of the pancreatic juice (lipolytic, proteolytic, amylytic,

inversion and coagulation) should not be ascribed to the differ-

ent groups of one organic molecule. It is not necessar} to in-

voke the Ehrlich hypothesis; the theory of catalytic reactions

and the facts of organic chemistry are broad enough to support

the proposition. For the future investigation of the question

it will be necessary to determine in every way the relations of

coagulation and proteolysis.

Gastric secretions occur in man, imder conditions of disease,

in which the proteolytic property remains and the coagulating

property is absent. It has been long known by clinicians that

in individuals suffering from carcinoma of the stomach, the dis-

appearance of chymosin from the gastric contents was apt to

occur early, and a certain diagnostic value has been attached

to this finding. I have observed, in the examination of many
gastric contents from cases of pyloric carcinoma, five instances

in which the gastric contents would digest protein but could not
coagulate milk. In order to determine the actual state of secre-

tion in the subjects of this disease, certain preliminary procedures
are necessary. The stomach should be carefully cleaned by lav-

age on several successive days, and the diet carefully regulated.

Then the patient is to be given an Ewald test-meal and a dose of

hydrochloric acid, say locc., well diluted. After an hour and a
half the gastric contents are removed by expression, and the
tests for the different secretions carried out. In the cases here
reported, the proteolytic activity was tested upon coagulated
^gg-albumin. The coagulating activity was tested by adding
the neutralized juice to fresh neutral milk in regularly varying
araounts, and the tubes held in the thermostat; for controls plain
milk and milk to which the neutralized boiled gastric contents
had been added, were employed. In five instances in my expe-
rience, the gastric juice displayed proteolytic activity, but would
not coagulate milk.
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Such facts would be interpreted directly and naturallj' by
Hammarsten as follows: Pepsin is one substance, chymosin is

another substance; in these cases of carcinoma of the stomach,

the secretion of the one substance, pepsin, is not affected, the secre-

tion of the other substance, chymosin, is inhibited. According

to Pawlow, the interpretation would be something as follows:

Pepsin contains two reaction-groups, one accelerating the hydrol-

ysis of protein, the other accelerating the conversion of casein

into paracasein; in these cases of carcinoma of the stomach, this

substance pepsin has been so modified in the cells in which it was

formed or after its formation there, that the group in which the

proteolytic function resides has remained unaltered, while the

group in which resides the coagulating property has suffered such

alteration as to deprive it of its reaction qualities. A decision

of the question, such facts as those here recorded cannot yield.

In favor of the unistic interpretation is the parallelism that is

usually found in gastric contents between the proteol3tic and

the coagulating activities. Against the unistic theory are the

following facts ; it is possible by thermic and chemical manipula-

tion to affect the one activity and not the other. It is possible

to prepare pepsin, free from chymosin, and chymosin, free from

pepsin. Jacoby' prepared an antiserum by the injection of

gastric ferments into animals; the antiserum contained an anti-

chymosin, but no antipepsin. In the case of the pancreatic

juice, Vernon* and Wohlgemuth® have shown that the action

and the activation of the trypsin and the coagulating ferment

run parallel. The antiserum obtained by Jacoby after injections

with pancreatic juice was both anti-try ptic and anti-coagulating.

To the students of ferments it must seem that the data at pres-

ent at hand are best interpreted as indicating that pepsin and

chymosin are different substances. This provisional conclusion

can be combated by showing that in all the chymosin-free

pepsins and pepsin-free chymosins the inactivity of the one func-

tion is the result of inhibiting substances (as was shown for

Glassner’s chymosin-free pepsin by Pekelharing^), and by the

‘Jacoby: loc. cit.

‘Vernon: Journ. of Physiol., xxix, p. 302, 1903.

’Wohlgemuth: Biochem. Zeitschr., ii, p. 350, 1907.

* Pekelharing: Arch. d. sci. biol., xi, suppl., p. 36, 1906.
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demonstration that the coagulating activity can be restored to

ch3anosin*free pepsin and the proteolytic activity to pepsin-free

chymosin. Naturally a chemical group can be so completely

removed by substitution that its reaction-qualities cannot be

restored; but this must be demonstrated to occur in the prepara-

tion of pepsin-free chymosin and chymosin-free pepsin, unless

the above stated requirements can be fulfilled. The theory that

pepsin and chymosin are one substance cannot be proved by
quoting the lateral chain hypothesis of Ehrlich

; the application

of this hypothesis to the phenomena of fermentation in the pres-

ent state of our knowledge is arbitrary and devoid of experimental

basis.
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(Received for publication, December 12, 1908.)

The recent papers of Hudson^ induce me to publish some

figures that I have obtained in work upon the same subject,

but which I have for some time held back pending a larger

investigation of the subject. In my work I obtained the same

results as those obtained years ago by O’Sullivan and Thompson
for cane sugar; in the individual series, the rate of inver-

sion was proportional to the concentration of the substrate,

and when the values were calculated according to the equation

for a monomolecular reaction, constants in good agreement were

obtained. With different initial concentrations of the substrate,

however, all other conditions being identical, the constants in

the different series did not agree. The results have been held

back pending the investigation of this lack of agreement in series

of different initial concentrations. Since the publication of the

results of the investigations of Hudson, which have confirmed

the results of O’Sullivan and Thompson, there is no longer any
purpose in withholding the figures, pending the study of the un-
solved question now being tindertakenby ProfessorArrheniusand
myself. In my work with cane sugar and maltose, I followed

the methods of O’Sullivan and Thompson, the solutions were
made alkaline before being placed in the polariscope. For mal-
tase I employed a taka-diastase, which is rich in maltose; for

sacchrase, I used a preparation from brewer’s yeast. I have
always used low concentrations. Temperature 140®. As illus-

trations I give a series each for maltose and saccharose, the con-

^ Jonm. of ilu: Amcr, Chan. Soc., xxx, pp. 1160 and 1564, 190S.
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slants being calculated according to the equation for a mono-

molecular reaction: c {A-x). t are hours.
at

Saccharose: concentrations i and 2 per cent. Ferment con-

centration constant in all. Constants are X io“h

(t) 1 2 3 4 5 6 D Mean.

per cent

i 1 410 416 430 426 428 423

1 330 312 322 338 332 326

2
1

i

m 165 160 172 176 168 170
1

167

Maltose: concentrations i, 2 and 3 per cent. Ferment con-

centration constant. Constants are X io~®.

1

(t) 1
!

1

2 3
1

4 5 6 B Mean.

per cent

1 360 362 368 370 376 348 354 363

2 220 268 222 242 238 242 238 239

3 140 132 136 160 140
!

138
1

145 142

1

To these I will add, from work already published, the con-

stants for a similar experiment in the digestion of starch with

salivary amylase. The substrate concentrations were J, J and

f per cent. Time is minutes. The temperature was 35°. The

constants are X io~®.

(t) 30 45 60 75
1

90 120 150 180 Mean.

per cent
\

JL
4.

465 455 470 465 455 560 455 477

i 430 420 390 415 405 395 430 410 412

i 390 370 385 390 480
1

370 365 370 390

In all these series it is clear that the conformity in the con-

stants in each series is satisfactory. Between the constants in

the several series, however, the conformity is not present. On

the contrary the lower the substrate concentration thehigher the

figure for the constant. This behavior of the figures for the con-
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stants is to be seen in the results of many investigators in this

field, though the matter has been given little discussion. In the

experiments whose constants are given above, the total conver-

sions were about 60 per cent for the lower concentrations, less

of course for the higher concentrations. The behavior of the

constants does not lie in this, as it persists if the conversions be

carried on so that the several series overlap. Under the strict

application of the law, the constants should be the same for the

tests with i, i and 2 percent substrate concentrations. In fact,

they are not, though they are in conformity in the individual

series. This state of affairs is, however, not peculiar to the reac-

tion of fermentation, but is seen, though to a less pronounced

extent, in other catalytic reactions. For example, the constants

for the acid inversion of cane sugar are not identical in lo and

30 per cent substrate concentrations; the difference here observed

is, however,much less than is observed in the case of the action of

invertase, and is in any event proportional to the osmotic pres-

sure.

My experiments, therefore, confirm the results recently pub-

lished by Hudson for cane sugar—^that the fermentation follows

the course of a monomolecular reaction—and indicates that the

same holds true for the fermentation of maltose. In this last,

my results are contradictory to those recently published by Mile.

Piloche,^ according to which the constants are regular only when
calculated according to the equation of Henri. A careful review
and recalculation of the data in her paper, however, show that
the results are not regular; in some experiments the normal law
is followed, and in other cases there is a maximum in the curve,
the cause of which cannot be discerned from the publication and
will need to be determined and elucidated by additional experi-
mental work.

* Piloche: Journal de chcmie physique

^

vi, p. 229, 1908.
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ACIDS BY MEANS OF HYDROGEN PEROXIDE.
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{From the Laboratory of Dr. C. A. Hertery New York.)

(Received for publication, December 21, 1908.)

In previous communications^ it has been shown that a number

of amino-acids of the typical formula R.CH.NH^.COOH, under-

go oxidation with hydrogen peroxide so as to yield ammonia,

carbon dioxide and an aldehyde R.CHO, the latter being more

or less oxidized to the corresponding acid, according to the con-

ditions of the experiment:

R.CHNHj.COOH + O - R.CHO + NH3 + CO^

R.CHNHj.COOH + - R.COOH 4- NH3 + CO^

This reaction was found to occur in the case of glycocoll, ala-

nin, a-amidovaleric acid, n-amido-isovaleric acid, leucin and

phenylalanin, and was of especial interest on accoimt of the sim-

ilarity of the products of oxidation with those obtained through

some biochemical oxidative changes.

The following experiments were undertaken in order to ascer-

tain whether the reaction could be extended to the dibasic amino-
acids. This was found to be the case. Glutamic acid proved to

be readily oxidized when the ammonium salt was gently warmed
with hydrogen peroxide, with liberation of ammonia and carbon
dioxide and formation of large quantities of succinic acid. The
reaction may be expressed as follows:

CH,.CHNH2.C00H CH,.C00H
1

4- O3 «
1

+ NH, + CO,
CHj.COOH CH,.COOH

* This Jounujly i, pp, 171 and 271; iv, p. 63.
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410 Oxidation of Glutamic and Aspartic Acids

The reaction is clearly analogous to the oxidation of the mono-
amino-acids under similar conditions. Aldehyde-butyric acid,*

COH.CHj.CHj.COOH, may be considered as an intermediary

product, but no indications of the presence of this substance were

obtained.

The formation of succinic acid from glutamic acid through

oxidation with hydrogen peroxide is of interest since a precisely

similar reaction is brought about by the action of yeast (Ehrlich)

and also through the agency of putrefactive organisms.*

The oxidation of aspartic acid vuth hydrogen peroxide showed

that essentially the same reaction took place. The change is

complicated, however, by the fact that the primary product of

the reaction, namely the half aldehyde of malonic acid is very

unstable and breaks up with extreme ease into acetaldehyde and

carbon dioxide, both of which products were readily identified.

A small amount of malonic acid was isolated, however, it doubt-

less being formed from the further oxidation of the aldehyde

acid.

In addition, minute quantities of acetic acid and formic acid

resulting from the further oxidation of the acetaldehyde were

identified.

The changes may be represented as follows:

CH.NHj.COOH CHO COOH
I

+0-^NH3 + C0j+
I

+0-^1
CHj.COOH CH,.COOH CH,.COOH

i
CO, + CH3.COH + 0-»CH,.COOH.

EXPERIMENTAL.

Oxidation of glutamic acid. One-tenth gram mol. of glutamic

acid was neutralized by the addition of a slight excess of ammonia

and then gently warmed to about 70° with 0.3 gram mol. of

2.5 per cent hydrogen peroxide. After about an hour the liquid

was distilled. The residue did not reduce Fehling’s solution,

aldehyde-butyric acid was therefore absent. It was acidified

with phosphoric acid and extracted with ether in a continuous

‘Perkin and Sprankling: Trans. Chcm. Soc., Ixxv, p. 16.

‘W. Brasch and C. Neuberg: Biochcm. Zeitschr., xiii. p. sgg.



H* D. Dakin 411

extraction apparatus. On distilling off the ether a crystalline

residue of succinic acid was obtained amounting to 47 per cent

of the theoretical amount. It was recrystallized from water and

melted at 180-181®. A considerable amount of unoxidized glu-

tamic acid was present in the solution after extraction with ether,

so that by repeating the oxidation it would be possible to still

further improve the yield of succinic acid.

Oxidation of aspartic acid. Sodium aspartate, o.i gram moL,

was oxidized with 0.3 gram mol. of neutral hydrogen peroxide,

A trace of ferrous sulphate was added as a catalyst. After

standing for a few minutes at the ordinary temperature of the

room, the liquid became warm and a vigorous reaction took

place with evolution of much carbon dioxide. The liquid was

acidified and distilled. The distillate contained acetic and for-

mic acids equivalent to approximately 0,25 gram of acetic acid.

In addition all the usual reactions for acetaldehyde were obtained

including Rimini's reaction with sodium nitroprusside and pipi-

ridine. The distillate was redistilled and the first portion to come
over was treated with para-nitrophenylhydrazine acetate in the

usual way. The small amount of precipitated hydrazone was
recrystallized from alcohol and melted at 127-128.® The para-

nitrophenylhydrazone of acetaldehyde melts at 128-128,5®.

The residue from the first distillation was acidified with phos-

phoric acid and extracted with ether. On evaporation of the

ether a crystalline residue of malonic acid was obtained. It was
identified by its melting point (131-13 2®) and by its rapid decom-
position with liberation of carbon dioxide at the same tempera-
ture. The yield of malonic acid was considerably less than the
corresponding yield of succinic acid from the oxidation of glu-

tamic acid.





THE ACTIOH OF GLYCOCOLL AS A DETOXICATING AGENT.*

By H. D. DAKIN.

(From the Laboratory of Dr» C, A, Herier, New York City.)

(Received for publication, December 21, 1908.)

The power of the living organism to convert poisonous sub-

stances into easily soluble, relatively nomtoxic, compounds which

are excreted by the kidneys is commonly spoken of as a protect

tive mechanism. The detoxication of the poisonous substance

is commonly effected through oxidation, reduction, hydrolysis or

union with some other substance such as glycocoll, sulphuric

acid, glucuronic acid, etc., or a combination of these processes.

But the fact that a substance when introduced into the body

undergoes one or the other of the reactions just mentioned is not

in itself sufficient proof that the original substance was toxic,

although this appears not infrequently to be tacitly assumed.

Thus, for example, benzoic acid when introduced into the body
is promptly converted into hippuric acid and eliminated by the

kidneys, but it is by no means clear that this is an actual protec-

tive mechanism for we know nothing of the action of benzoic

acid itself upon the animal organism. By administering very
large doses of benzoic acid to some animals, it is true that a small

portion of it may be excreted unchanged, but observations under
these conditions when the experiment is complicated by the simul-

taneous formation and excretion of large amounts of hippuric
acid can teach us but little. As regards the lower organisms
such as bacteria, Dr. Herter informs me that he has observed but
little difference in the toxicity of equivalent sodium benzoate and
sodium hippurate. It is clear therefore that the coupling of a
substance with glycocoll in its passage through the organism

* The term “detoxicating agent’* is used in this paper as an equivalent
of the widely used German word “Schutzmittel.”
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414 Detoxicating Action of Glycocoll

is in many cases not definitely proven to be a protective mechan-
ism.

The present paper contains definite examples of the lowering

of the toxicity of an aromatic acid resulting from its combina-

tion with glycocoll and also contains an account of experiments

upon the relative ease of oxidation of three aromatic acids and of

the products formed by their union with glycocoll. These experi-

ments show that the resistance of the glycocoll derivatives to

oxidation is enormously greater than that of the free unpaired

acids. It might be thought that union wdth an amino-acid such

as glycocoll might bring the substance more readily within the

sphere of the oxidizing ferments of the cell, for it is knoxNm that

the amino-acids are readily withdrawn from the general circu-

lation. This appears, however, not to be the case.

The substances examined w’^ere as follo^vs:

I

Substance. Formula. Result.

Phenylpropionic

acid
, CoH5.CH„.CH„.COOH Toxic, lethal

Phenylpropionyl-

dose = about

0.8 gm. per

kilo. Easily

oxidized.

glycocoll C,H,.CH..CH2.C0.NH.CH..C00H Non-toxic in

doses of 1.5

gin. per kilo.

Not so easily

oxidized as

phenylpropi-

onic acid.

f Cinnamic acid

II

Less toxic than

pheny Ipro-

pionic acid.

Readily oxi-

dized.

Cinnamoylglycocoll Non-toxic. Re-

sistant to oxi-

dation.
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Result.

Less toxic than

phenylpro-
pionic acid.

Moderately
easily oxi-
dized.

j

Phenyl-^-oxypropionylglycocoll - . ..Non-toxic.

I

Very resistant

^
to oxidation.

The free acids were prepared by the usual methods. The gly-

cocoll derivatives were synthesized by the methods recently de-

scribed in this Journal^ The substances were administered by

subcutaneous injection of the sterile solutions of the neutral

sodium salts, with the exception of cinnamic acid which on

account of the insolubility of the sodium salts, was neutralized

with ammonia.

The results were as follows

;

(i) Phenylpropimiic acid?' administered to cats in doses of i

gram per kilo was invariably followed by death; the animal

usually dying in from forty to sixty hours. Much acetophenone

is found in the urine,^ and it is possible that the toxicity of the

acid is largely due to the formation of this intermediary product

of metabolism. But Uttle, if any, unchanged phenylpropionic

acid can be detected in the urine, oxidation of the acid is therefore

probably fairly complete. Half a gram per kilo given to cats

or dogs is not a fatal dose and but slight poisoning s3rmptoms
ate observable. The composition of the urine secreted under
these conditions is qualitatively similar to that obtained when
fatal doses are administered.

(2) Phenylprapimylglycocoll administered to cats in even
larger quantities, 1.5 gram per kilo, than the corresponding

*iv, p. 431; V, p. 303.
^The doses are all recorded in terms of the free acids although they

^ere administered in the form of their salts.
* The practical details of the analysis of the urines will be recorded in

a later paper on the fate of phenylpropionic acid derivatives in the animal
body.

III

Substance.

Phenyl-^-oxypropionic acid

.
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lethal dose of phenylpropionic acid, produces no toxic symptoms
whatever. The substance is excreted almost entirely imchanged

and either no acetophenone or only a minute trace can be de-

tected in the urine. When administered to dogs in dose of 0.5

gram per kilo, more than half the amount is excreted unchanged

but the urine contains notable amotmts of phenyl-/?'Oxypropi-

onic acid, acetophenone and hippuric acid. When given to large

dogs in doses of about 0.5 gram per kilo, oxidation is more nearly

complete.^

Cinnamic acid. Ammonium cinnamate given to cats and dogs

in doses equivalent to from 0.25-0.5 gram per kilo of the free

acid produced no noteworthy effects. No unchanged cinnamic

acid could be detected in the urine, but a small amount of a sub-

stance which appeared to be cinnamoylglycocoll was excreted.

A little phenyl-^-oxypropionic acid and acetophenone were also

detected in the urine together with much hippuric acid. Oxida-

tion of the cinnamic acid was probably almost complete and when
smaller doses than the foregoing are given the intermediary prod-

ucts of metabolism are completely oxidized also.

Cinnamoylglycocoll. The sodium salt of this acid was prac-

tically unattacked when given to cats in doses corresponding to

0.25 to i.o gram per kilo. About three-fourths of substance given

was recovered from the urine. No signs of any toxic action were

observed

.

Phcnyl-p-oxypropionic acid. This acid was found to be more

resistant to oxidation than either cinnamic acid or phenylpro-

pionic acid. Administered to cats in doses of 0.6 gram per kilo,

it was found that three-fourths could be recovered from the urine

unchanged. Only minute traces of acetophenone and hippuric

acid were found in the urine. When given to dogs in doses of

0.25 gram per kilo only a minute amount of unchanged acid

could be detected. Acetophenone was present in fair amount

and much hippuric acid. Oxidation of the oxy-acid was fairly

complete.

‘ In a previous paper in which the fate of phenylpropionylglycocoll was

recorded (this Journal, iv, p. 432) no evidence of an increased resistance

to oxidation, as compared with phenylpropionic acid, was obtained. This

was owing to the employment of insufficiently large doses.
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PhenyU^-oxypropionylglycocolL This substance was given to

cats and dogs in doses of from 0.4-1 .0 gram per kilo. The

substance proved to be practically unattacked as almost the whole

was recovered unchanged from the urine. Traces of cinna-

moylglycocoll were apparently formed.
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Iniroduciim,

The bacilli described in this paper, together with several vari-

ants were isolated from a series of chronic intestinal infections of

obscure origin and etiology. The cases present a definite symp-

tom-complex which has recently been described by Dr. C. A.

Herter' and termed by him, “Infantilism from chronic intestinal

infection.” Clinically the pronounced symptoms are: an arrest

of body development associated with only a slight retardation of

cerebral development; marked abdominal distension (without,

however, a noticeable enlargement of the spleen) ; slight to mod-
erate secondary anaemia; marked bodily and mental fatigue,

brought on by relatively slight exertion, and disturbances of

intestinal function manifested usually by repeated diarrhosal

attacks and impaired powers of absorption.

Chemically, the salient features are: the presence of excessive

amounts of indican and phenolic bodies in the urine; indolacetic

acid occurs in some cases and may be present in greatly excessive

amounts. The aromatic oxyacids may also occur in excessive

quantities.

In patients receiving considerable fat in the diet, the feces

contain a large excess of neutral fats, fatty acids and soaps, the
excretion of the latter leading to considerable losses of calcium
and magnesium to the body. This loss of calcium and magne-

* Herter: Infantilism, The Macmillan Company, 1908.
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420 Bacillus Infantilis

sium furnishes a logical explanation of the retardation of skeletal

development.

Pari 1 : Microscopical Examination of Infantilism Stools,

Representative fields of stools from typical cases of infantilism,

stained by the Gram-Weigert method (Gram-stain followed by
dilute carbol fuchsin, as a counter-stain) are strongly Gram-posi-

tive, and recall similar pictures described by Escherich^ in his

cases of Blane Bacillose with respect to the great diminution or

even absence of Gram-negative cocco-bacilli of the coli-aerogenes

type, and the dominantly Gram-positive character of the fields.

Certain differences are detectable, however, upon closer scrutiny.

The Gram-positive curved bacilli which are characteristic of

Blane Bacillose cases are few in number or even absent in infan-

tilism stools, while the most distinctive organisms in the latter

are straight rods measuring from 0.50 to 0.75 microns in diameter,

and from 2.5 to 3.75 microns in length. These bacteria are Gram-

positive and occur singly or in pairs, rarely in short chains of

from four to six elements. They present no distinctive peculiar-

ities of arrangement, although they are frequently collected into

rather sharply defined masses.

It is not uncommon to find signs of degeneration among these

bacilli, particularly if they are derived from constipated stools.^

In such instances the bacilli are more or less irregular in outline

and do not stain uniformly, some portions of the cytoplasm

remaining Gram-positive, while other portions stain faintly with

the counter-stain, or not at all.

Cultural methods demonstrate these bacilli to be B, infantilis,

B, bifidus^ or B, acidophilus,^ One type may predominate or all

may be represented at the same time.

* Escherich: Jahrb, f, Kinderhcilk,, lii, pp. i, et seq., 1900.

* Herter and Kendall: This Journal, v, p. 289, 1908.

^Tissier: Lo flora intestinale du nourrisson, Paris, 1900. Tissier gave

this organism the name B, bifidus communis, a trinomial. This name,

being a trinomial, violates the law of botanical nomenclature and is

incorrect. Inasmuch as the term bifidus expresses tersely the most

prominent characteristic of the bacillus, it should be retained as the

specific name, eliminating the superfluous term, comnmnis.

^Moro: Jahrb, f, Kindcrhcilk,, lii, p. 38, 1900; Wien, klin, Wochcnschr.,

no. 5 1900.
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It should be possible, theoretically, to make a morphological diagnosis

between B. bifidtis and B, acidophilus on the one hand, and B. htfantilis

on the other. Tissier claims that B. hifidus occurs typically with pointed

ends and not infrequently one sees pairs of bacilli lying at an angle with

each other—the so-called geniculate arrangement. B. acidophilus resem-

bles B, bipdus somewhat morphologically, but the bacilli occur in sharply

circumscribed masses, instead of geniculate pairs in stools. B. infantilis,

on the contrary, has definitely rounded ends; clostridial forms are uncom-

mon, and the bacilli do not occur in regular alignment as a rule.

The various manipulations to which stools are subjected prior to

microscopical examination are usually sufficient to disturb the original

orientation of the bacilli, while their morphology varies somewhat with

the consistency of the stool, so that the final criteria of their differentia-

tion and recognition must be based upon cultural methods.

Branched forms are not imcommon in the stools of infantil-

ism patients, and rarely one sees a peculiar modification of the

branched form to which the term “antennate"’ has been applied.

The branched forms may be referable to either B. bifidtis or B.

infantilis; each organism produces under certain undetermined

conditions branched forms in stools. It is not impossible that

some development has taken place after the stool was passed

in such instances, because many of the bacteria show signs of

degenerative changes which are known to occur when they are

exposed to unfavorable conditions, outside of the body.

The “antennate'* form is unusual in the feces and so far as

the writer is aware, no form similar in appearance has been
described for any known bacillus. The cell body is slightly

spindle-shaped (clostridial) in outline and possesses a deeply
staining metachromatic granule at one or both ends of the rod.
The cytoplasm between these granules takes the stain feebly or
even not at all, and suggests both by its position and general
appearance a presporogenic body. From one, rarely both, of
the metachromatic granules processes arise, which may be one,
two or three in number; two is the most usual arrangement.
These outgrowths are slightly curved, slender and elongated;
they do not project in the same general direction as that of the
long axis of the cell proper, but rather at an obtuse angle, resem-
bling in a striking manner the antenna of certain beetles. This
resemblance is further accentuated by the irregular manner in
which they take the stain, which gives them a jointed or articu-
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lated appearance. The same forms have been encoiintered in

old broth cultures of this organism, and they are probably to be

regarded as involution forms. If this supposition be correct,

the antennate forms have no particular significance in the life

history of the bacterium.

Besides B. infantilis, B. bifidus and B. acidophihis one notices

frequently in the feces of infantilism patients large. Gram-posi-

tive cocci which occur typically in pairs, less commonly in short

chains. They measure about one micron in diameter and their

ends are more or less pointed. Their elongated appearance has

led the French writers to refer to them as “Flamme dc Bougie”

—an epithet which is very expressive of their peculiar mor-

phology. These organisms are kno'wn as the “ Enierocoque"

of Thiercelin,' or the "Micrococcus ovalis” of Escherich,- and,

according to Kruse® are identical with the Streptococcus of

Hirsch-Libmann. Kruse proposed the name, "Streptococcus

lacticus.
”

Thetje organisms are the Gram-positive types most frequently

found in the dejecta of infantilism cases, and B. bifidus, B. acido-

philus and Micrococcus ovalis represent the acidophilic bacteria

which are characteristic of well marked clinical states of this

kind. It is noteworthy, as Herter* has pointed out, that the

latter organisms are the dominant ones present in the stools

of breast-fed infants—a fact that is of great importance in

this connection because the bodily development and intestinal

flora seem to be related to each other.

Pari II: Methods for Isolating Bacillus Infantilis.

The first culture of Bacillus infantilis was obtained from a

stool in which theywere present in unusual numbers, and no dif-

ficulty was experienced in obtaining fresh strains for nearly a

month. At the end of that time, however, the bacterial flora

changed and it became increasingl}' difficult to obtain cultures

by the usual method of fishing plates.

> Compt. rend, dc la soc. dc biol., April 15 and June 24, 1889.

^ Darmbaktcricn des Sat'igliitgs, Stuttgart, p. 89, 1S86.

» Ccntralbl. f. Bad., xxxiv, p. 737, 1903.

* Loc. cit.
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The colonies produced by B, infaniilis are reasonably distinc-

tive when they occur in pure culture, or when there are only a

few other types of organisms in the same plate. As the number

of colonies, either of the same type of organism or different or-

ganisms, increases, they lose their characteristic appearance, and

it becomes increasingly difficult to make even a probable diag-

nosis by simple observation alone.

Again, contrary to generally accepted ideas, it has been found

that not only do colonies of the same organisms vary in appear-

ance in the same plate, but also that radically different types

of bacteria produce colonies which are indistinguishable.

These differences are explainable upon two hypotheses. In the first

place the rigidity of the medium has an extremely important r61e. In

low percentage agar, those bacteria which are strongly motile, together

with the forms that produce chains readily, will grow in colonies that are

characterized by considerable lateral expansion. This is particularly

the case in surface colonies. Submerged growths to a lesser extent

obey the same general laws. On the other hand, particularly among the

intestinal bacteria, the metabolic products of one type of organism may
react by diffusion upon adjacent bacteria, resulting in a mutual inhibi-

tion of growth. The strongly acidogenic bacteria, for example, particu-

larly when grown in media which contain fermentable sugars, will seriously

interfere with the growth of alkali-producing types.

A consideration of the facts presented in the preceding pages

indicates clearly the necessity of examiningrelativelylargenumbers
of colonies, particularly in the study of unusual cases of intestinal

disease. Obviously this is impracticable in actual work, where
several cases are under observation at the same time. What is

needed is a method whereby one may study the morphology
of the bacteria from a representative majority of all the colonies

which have developed in the various media, and to be able to

return to specified colonies which through this preliminary exam-
ination have been demonstrated to consist of unusual types of

bacteria.

This may be accomplished in the following manner. Plates
showing from 20 to 50 well-separated colonies are marked with
a wax pencil in such a way that the projections of these colonies
upon the bottom of the plate are enclosed in a small ring. This
procedure is kept up until a sufficient number have been selected
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for examination. The colonies are then numbered in sequence,

beginning with i and continuing until all are numbered, remem-
bering to place a line under the figure 6 to distinguish it from

the 9.

An ordinary microscopical slide is now ruled into squares, the

size and number depending upon the number of colonies which it

is proposed to study. A small amount of gro\vth from each

colony is emulsified in a drop of sterile water in its appropriate

square, the films are dried, stained by the Gram-Weigert method
and examined microscopically. This examination will indicate

the general type of organism in each instance, and not infre-

quently demonstrate the fact that certain colonies are composed

of two distinct kinds of bacteria. Having thus not onl)’’ recog-

nized the morphological peculiarities of the organisms, but also

having a fair idea of the relative purity of each colony, one may
select those organisms which it is desirable to study in detail,

resorting to the colonies from which they were derived and sub-

culturing them at convenience. This procedure has been very

helpful and it is extremely probable that the rather large number
of apparently undescribed forms which have been met with in

this work, have been successfully isolated because attention has

been paid to the study of large numbers of colonies which upon

superficial examination show no macroscopical differences. By
adopting this procedure, one may be reasonably certain that at

least the dominant forms which will grow in artificial media, will

be detected. In order to make a systematic investigation, how-

ever, it is absolutely necessary to use media containing either

dextrose (lactose is usually better for infants’ stools) or other

easily fermentable carbohydrate for the fermenting and acid

producing organisms, and carbohydrate-free media for the alkali

producers. One may thus eliminate to a considerable extent

the effects of antagonism between the acidogens and the alkali

producers.

Part III : The Biology of Bacillus Infantilis.

This organism is a motile, aerobic, facultative anaerobic, spore-

forming, Gram-positive, non-capsulated bacillus. It produces

acid in dextrose and saccharose, but no gas.
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Morphology. The bacillus measures from 0*50 to 0.75 micron

in diameter, and from 2.5 to 3.5 microns in length.

Upon solid media the bacilli appear as rather short, plump

rods with rounded ends. They occur singly or in pairs, rarely

in short chains. Spores are readily formed in such media, in the

presence of free oxygen. In fluid media, on the other hand,

spores are not formed as a rule, and in anaerobic cultures spore-

formation has never been observed. This need for oxygen prob-

ably explains the inability of B. infantilis to form spores in the

intestinal tract. Repeated attempts to obtain cultures of this

organism after destruction of the vegetative cells by heating

suspensions of the stool to 80® C. for 10 minutes have failed except

in two instances. It should be stated that it was possible to

isolate these organisms in unheated suspensions made, from the

same stool. The two cases in which spores were present do not

necessarily invalidate this view. The stools were 24 hours old

at the time they were examined and it is perfectly evident that

the necessary conditions for spore formation were present.

The spores are central, oval, and cause a slight bulging of

the cell; this enlargement is not great enough, however, to give

the organisms the appearance of clostridia

:

The bacteria found in the condensation water of agar, as well

as in fluid media in general, differ conspicuously in appearance
and staining^ reaction from those grown upon solid media. In
the latter instance the bacilli are relatively short and thich; in

' At first the difference in staining reaction between organisms derived
from the slanted surface of agar, on the one hand, and the condensation
water of the same culture, on the other, led to the suspicion that a
contamination had occurred. Experiments definitely reproducing the
phenomena were made, however, and it was discovered that this same
property is common to a number of Gram-positive bacteria of intestinal
ongin. The differences observable are very striking in some instances.
When the bacteria are kept upon artificial media for several successive
transfers the variations tend to disappear and the organisms assume a
uniform appearance whether they are obtained from the slanted surface
or from the condensation water. It is probable that the sudden change
from the intestinal environment to that of ordinary media is responsible
for the lack of stability, and as the bacteria are in a weakened state,
changes in their environment as slight as those existing in slanted surface
and condensation water will produce noticeable responses in bacterial
growth.
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the former they are longer, thinner, and conspicuously Gram-
negative. The staining reaction has been described previously

in this paper, and it will suffice to say that the “punctate”

appearance which one sees in stools can be reproduced exactly

in fluid media.*

Temperature relations. B. infantilis grows most character-

istically and luxuriantly at the body temperature
; at lower tem-

peratures the growth is scanty, and at i8° C. it practically ceases.

Anaerobiosis. The organism is an aerobe, although it can de-

velop in hydrogen, carbon dioxide and in the depth of anaerobic

stab cultures. Certain peculiarities concerning its oxygen needs

will be described later on, in the section upon fermentation.

Agar slant. Upon dextrose agar (slanted) there is produced

a spreading, gray, smooth, opaque, shining layer. In the con-

densation water growth is abundant and usually associated with

the production of a pellicle. The medium becomes brown in

older cultures and exhibits a tendency to the production of a well

marked opacity. These two phenomena are distinct and appar-

ently have no relation to each other.

Three variants have been noticed. The first is characterized

by the production of a viscidity due to the ability of tne bacteria

to form adhesive, easily drawn out threads. The second variant

grows poorly upon the slanted surface, and appears as a delicate,

translucent, shining filiform layer which never produces the

browning of the medium referred to above. Organisms of this

type are chemically and morphologically identical with the

luxuriantly growing varieties. They may be regarded as strains

which have not become thoroughly habituated to artificial media.

It should be stated that the latter type grows better in hydrogen

than in aerobic conditions. The third variant is a chromogen.

The pigment, which is soluble in the medium, and occurs in the

upper layers, where oxygen is present, is red-brown, recalling

the pigment produced by an organism erroneously named B.

lactis erythrogenes.

The chromogenic variant may arise spontaneously. In fact

‘ Prolonged cultivation in artificial media causes the organism to lose

its ability to take the Gram-stain; in this respect it agrees with several

well known bacteria of similar origin.
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a chromogenic strain has never been isolated from infantilism

stools. Culturally, morphologically and chemically these strains

are identical with typical infantilis cultures.^

Gelatin stab. Growth in gelatin stabs is scanty. In dextrose

gelatin it is more vigorous. At temperatures ranging from 18®

to 22° C. development takes place very slowly, and there is no

appreciable liquefaction. As the temperature rises, however,

the organisms develop more rapidly, and at 24° liquefaction may
take place at the end of six days. The liquefaction is very slow

and frequently is manifested merely by the presence of a slight

infundibulifonn, dry depression. Evaporation usually progresses

parallel to peptonization, so that no fluid remains in the cavity.

Rarely a small amount of liquid remains. In cultures which

have been kept at room temperature for several months lique-

faction may progress to such an extent that a funnel-shaped

depression measuring half a centimeter in depth may result.

The medium is not favorable for the development of the bacillus,

however, and certain strains do not liquefy at all, but produce

merely a softening of themedium. The reaction becomes alkaline.

Milk, Freshly isolated strains produce a transient acidity

followed by a return to the neutral point. In older cultures

the reaction becomes alkaline. The primary acidity is doubt-
less due to the fermentation of carbohydrates (hexoses) present

in milk, due to the hydrolysis of lactose. Prolonged cultiva-

tion of the bacteria in milk is associated with more marked
changes in the medium. A gelatinous coagulum is formed which
js not marked and which usually requires a boiling temperature
to demonstrate. This stage is followed by a gradual solution of
the coagulum, an increased alkalinity and a gradual thinning
of the whole medium. The thin, alkaline fluid resembles that
produced by some varieties of the paratyphoid bacillus.

* Beijerinck {Kon, Akad, von Wetenschappen ie Ainsterdamy Oct. 27,
1900, and Rodet {De la variability dans les microbes

^

Paris, 1894) have
studied the question of bacterial variation, and define three types, Degener-
ation, Transformation and Variation, in the narrow sense. The produc-
tion dc novo of pigment in Bacillus infantilis seems to correspond with
t e latter type of variation, which is defined as **the assumption of a
tiew characteristic (by a single individual of a single strain) which remains
constant.

^

Insufficient or improper media, or the excess of excretory
products in old cultures may be the cause of this phenomenon.*’
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Milk is not, however, a favorable medium in which to cultivate

Bacillus infantilis and the changes produced by this organism

in milk are not distinctive.

Potato. The growth is luxuriant, raised, shining, smooth,

brownish and is attended with a darkening of the potato. The

reaction is not appreciably changed.

Fermentation media. Dextrose and saccharose are fermented

with the production of acid, but no gas. Lactose is only slightly

attacked. The acidity reaches its maximum about the fourth

day, and after that time there is a gradual return to the neutral

point, or even in extreme cases to alkalinity. The explanation

is probably to be correlated with the ability of this organism to

produce ammonia and primary amines. During the first few

days there is a marked growth in the closed arm (in dextrose

and saccharose fermentation tubes) and it is during this period

that the acidity rapidly increases At the end of the time speci-

fied the bacteria grow more abundantly in the open arm of the

tube and 'this aerobic growth is associated with a large ammonia
production.

Lactose fermentation media are not favorable to anaerobic

growth of B. infantilis and it is a noteworthy fact that in the

closed arm growth is practically wanting. There is, however,

evidence that the organisms are proliferating.^ A pellicle makes

its appearance within 30 hours after inoculation, which suggests

that the organism cannot derive its oxygen through the combus-

tion of lactose, although it can thrive in an atmosphere devoid

of oxygen if either dextrose or saccharose is present. Confirma-

tion of this view is indicated by the formation of a similar pellicle

in plain broth. Here again there is no substance from which the

organism can derive its oxygen. Hence it is forced to obtain it

from the air. The wrinkling of the pellicle, and the almost total

absence of turbidity (the organism is actively motile) point

strongly to the correctness of this explanation.

Plate cultures. Although B. infantilis is an aerobic organism,

’ This inability to develop in lactose is significant when one considers

that this sugar rather than dextrose or saccharose is the important, car-

bohydrate in the dietary of young children. The normal intestinal

bacteria on the other hand are able to grow luxuriantly in media contain-

ing lactose.
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it usually grows beneath the surface in dextrose agar plates,

(Plain agar plates, on the contrary, show relatively more surface

colonies.) The submerged colonies are lenticular, oval or even

round. They are opaque, yellowish or gray (depending upon the

depth below the surface) with delicately ciliate edges. The colo^

nies are surrounded by an opaque area which resembles a halo.

Microscopically the edges are seen to be filamentous and the gen-

eral look of the colony suggests an aggregation of filaments,

presenting a fioccose appearance. Klatsch preparations, how-

ever, do not show the presence of long filaments; the individual

bacteria, on the contrary, have a disjointed appearance and even

short chains are uncommon. Surface colonies are translucent

to opaque, and round, with irregular edges. Their appearance

depends largely upon the relative density of the medium and par-

ticularly upon the amount of moisture present. If the latter is

excessive, the colonies spread and resemble delicate films. The
colonies are not characteristic, particularly when there are sev-

eral different kinds of bacteria present in the same plate, and it

is only by examining individual colonies microscopically that one

can safely make the diagnosis.

Biochemistry. The biochemistry will be discussed in detail

in a subsequent paper. A summary of the principal products,

however, is here appended for completeness.

Bacillus infantilis is a powerful alkali-producer. Ammonia
and an unidentified primary amine are the chief basic bodies

found in cultures. The organism does not produce indol, skatol,

phenolic bodies, mercaptan, hydrogen sulphide, alcohol, acetone
or aldehyde. It produces lactic and succinic acids from dextrose,

togetherwith small amounts of volatile acids of unknown composi-
tions. It gives theVoges-Proskauer reaction' in peptone media.

Certain strains of Bacillus infantilis are, at the time of their

isolation, strongly acidophilic, or, better, have acquired the abil-

ity to withstand unusual amounts of acid. A sharp distinction
should be drawn between bacteria which grow well in moder-
ate amounts of acid, e, g., B. acidophilus

^ and those organ-
isms which—originally not acidophihc—become by changes

' Harden and Walpole {Proc. Roy, Soc,, Ixxxvii, p. 424, 1906) have
shown that this reaction is due to the presence of methylacetylcarbinol.
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in their environment able to withstand and to develop in great

amounts of acid. Several cultures were obtained from a case

of infantilism in association vrith Bacillus acidophilus and Micro-

coccus ovalis. All of these organisms were able to develop in

a broth medium containing acetic acid of such a strength that

three cubic centimeters of .normal sodiumhydroxide were required

to neutralize one hundred cubic centimeters of the medium. The

organisms were obtained in the following manner. A small

amount of feces was emulsified in a tube of the acetic acid broth,

and incubated two days. A loopful of the first broth culture

was introduced into a second tube; after two days a third cul-

ture was prepared from the second. At the end of the last

period of two days, the organisms were plated out and cultures

were obtained in the usual manner. There can be no doubt

that there was a decided development of B. infantilis during

the progress of the experiment and considerable numbers of

colonies were obtained on the plates. Subsequent cultural and

chemical studies showed that they were identical with the first

strains of this organism which had been isolated in the usual

manner, in neutral media. The striking fact is that two trans-

fers in ordinary media so changed the acid-resisting ability of the

“acid infantilis’’ that it would not develop in media having an

acidity greater than that con'esponding to 1.25 cc. normal acid

per 100 cc.^

' This e.xperiment has a distinct value in relation to the Question of

bacterial conditions obtaining in the intestinal tract. In no other patho-

logical conditions are the bacterial flora so complex and dependent in

their ensemble upon obscure changes in environment. These environ-

mental changes may consist of altered intestinal secretions, changes in

diet or of bacterial antagonism and symbiosis or of combinations of these

factors. Apparently slight nutritional alterations are frequently accom-

panied by surprising modifications in the bacterial behavior, the bacterial

response seeming to be out of proportion to the intensity of the stimuli.

Although we are ignorant of the fundamental principles which domi-

nate the bacterial flora of the intestinal tract, evidence is slowly accumu-

lating which points to a symbiotic relationship between the host on the

one hand, and the dominant types of bacteria on the other, at least in

normal, healthy individuals. Undoubtedly diet plays a prominent part

in determining which bacteria shall increase and which shall be inhibited.

When one stops to consider the extraordinary number of bacteria,

dead and living, that are voided every day in the feces, and compares
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The discovery of the acidophoric strain of B, infantilis brought

up the question of antagonistic and symbiotic relations between

this organism and bacteria with which it is commonly associated

in the intestinal tract. Naturally it is impossible to reproduce

conditions comparable to those existing in the intestines, but

attempts have been made to compare the behavior of pure cul-

tures of a few representative bacteria with combinations of the

same bacteria grown together.

Bacillus coli and Micrococcus ovalis (enterococcus )have been

chosen as the types to compare with B, infantilis, and all observa-

tions have been made in fermentation tubes, where every tran-

sition can be obtained from almost absolute anaerobiosis to

complete saturation with free oxygen.

this figure with the relatively few organisms which are ingested during

the same period, some idea of the enormous proliferation which takes

place in the intestinal tract will be obtained.

Escherich, Tissier and Moro have studied the kinds of bacteria present

in the dejecta of normal nurslings, and find that certain well defined

types of organisms are regularly present to the* more or less complete

exclusion of other types. Tissier has noticed that the vast majority of

these bacteria are acidophilic, and he believes that the high degree of

acidity which they can resist while still thriving acts as a deterrent to

the growth of foreign organisms. When an infant suffers from an intesti-

nal upset, the normal bacterial conditions are disturbed, and new varieties

make their appearance. As conditions return to the normal, there is a
gradual corresponding reappearance of the customary flora, associated
with the disappearance of the abnormal types.

If, however, the abnormal conditions persist, the bacteria associated
with the change may become habituated in the intestine, and eventually
may replace, in part at least, the normal inhabitants. This invasion,
as the writer has noticed in a number of instances, is accompanied by
reciprocal modifications in both the normal and the invading organisms.
This change is manifested by the ability of the two types of organisms to
grow in the presence of each other, even if originally this was impossible.
One may demonstrate this fact by comparing corresponding strains from
normal intestines with the “modified” varieties. Usually one finds that
the "normal” organisms will not thrive in such cultures.

This fact points to deep seated modifications in the biology of both the
invading bacteria and the normal obligate organisms and undoubtedly
these mutual adaptations explain in part the persistence of unusual types
of bacteria in chronic intestinal diseases.

The facts brought forward indicate the necessity of studying with
great thoroughness those cases of intestinal derangement accompanied
oy evidences of abnormal bacterial development.
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Protocols of two experiments are reproduced. The experi-

ments were carried on dur ng four days, both in dextrose and

actose. All of the bacteria used in these experiments were given

preliminary cultivation in dextrose broth to insure a high degree

of reproductive growth.

These experiments emphasize once again the inability of B.

infantilis to ferment lactose. This is indicated not only by the

absence of turbidity in the closed arm of the fermentation tube,

but by the production of a thick pellicle upon the free surface

of the medium in the bulb. There is a corresponding absence of

inhibitory action of this organism upon B. coli and Micrococcus

ovalis, although in dextrose under similar conditions the restra'n>

ing activity is marked.

It is obvious, then, that the marked decrease in gas formation

which is observed in cases of infantilism is due to some factor

other than the mere presence of B. infantilis because this reduc-

tion is as marked in lactose as in dextrose. It is extremely

probable that B. bifidns is instrumental in preventing the devel-

opment of bacilli of flie colon-aerogenes types, and inasmuch as

the latter organisms are the dominant gas-formers of the intesti-

nal tracts of young children, it is logical to associate the compara-

tive absence of the gas-formers and the simultaneous presence of

B. bifidns with the non-appearance of gas b}'" the fecal bacteria

from well marked infantilism cases.

Unfortunately the r61e of B. bifidtis in this connection must, for

the present at least, rest upon purely circumstantial evidence.

It is not possible with our present methods to prepare media in

which B. bifidns and B. coli (or other facultative organisms) shall

under the same conditions grow with the same relative intensity.

Obviously, if one organism develops more rapidly than the others

it is out of the question to draw correct conclusions with reference

to their antagonistic properties.

The systematic position of B. infantilis. B. infantilis differs

in essential characteristics from any previously described organ-

ism known to the writer. Particular attention has been paid to

the previously published descriptions of bacteria found in nurs-

lings’ stools, both in health and disease, and the works of Tissier,’

’ Loc cit., p. 263, 1900.



Arthur 1. Kendall 433

EX?ERIMB15T I.

1

-
. i

1
PEXTHOSE.

1

nacTosE.

E 1
S

(

*tJ 1 ,

^
i

05 s 5 J i

Culture,

R
cj )

a
j

r
React

Ph

•!

Cj
J0
,
^

1

React *«

1 + acid -- — i + +

Infantilis
2

3

•f

-h

a

u + :
— +

alk.

+ +
+ +

4 - -f + 1.2 + — 0.5 + +

1 16 acid — 15 + acid —

Coli
i
2 18

<{ 20 + ti

1

3 22
(t - 24 + (1 -

j

1

^ 22 4-2.25 —
i

25 + ; +1.5

f' 1 acid :

1

+
j

acid i!

—

Ovalis 1

2

3 -f

u

(t :
+

!

^

tt
'

1

"
1

{ 4
1
i

;

+1.15 + + 1.1

1

i|
1

12*
' “i"

1

acid n ! + acid —

Infantilis and Coli . . <

2 : 12
u - 27 + tf —

3
;

12 -f
;

— 32
i

+
1

—
4

'

12 + +2.2 32 + + 1.6

1 acid — + acid

Infantilis and Ovalis (

2 - — + it —
3 — -f

it — +
1

4 +2.5 — + + 3.0
i

“
1

1

1 22 acid 16 + acid ! _

Coli and Ovalis. • •
•

|

2 23 -f
“ 26 + -

3 24
U — 27 + u —

1i
4 20 -f + 3.4 — 25 + + 3.1

!

-

1
f

^ 12 acid 19 + acid
!

Infantilis, coU and
J

1
2 11

it — 21 + it

Ovalis ^ 11 4-
it 21 + ((

i
4 10 -f

1

+3.5 21 + + 3.3

i

Trials with a freshly isolated culture of B. infanfi/t# showed a much ereatcr iuhlbltioo,
Ras production. The total volume of ixas produced in the preliminary experiments in

inose tubes containing B. coli and B. tn/anh7t> only showed 6 mm. of gas, although B. colx
aione produced 2G mm. in the same media.



434 Bacillus Infantilis

EXPERIMENT II,

Culture,

&
P

DEXTROSE

.

LACTOSE.

Gas

in

mm.

Turb.

cisd.

arm.
React.

Gas

in

mm.

*4
GO

•eg
React.

p

f
1 — + acid — — — ± 4-4-

Infantilis J
2 — u - - alk ++
3 — ft

4- — — ft 4-4-

4 — + + 1.3 4- — ± -0.6 4-4-

1 26 acid 35 4- acid

Coli
2 29 + ft — 37 4- ft —
3 28 ft — 36 4- ft —
4 28 4-2.45 34 4- 4-3.0 -

1 — + acid 4- acid

Ovalis <

2 — ft - 4- ft -
3 — + ft — -- 4- ft —
4 — 4- 4-1.05 __ — 4- 4-1.50 -

1 21 + acid — 29 4- acid

Infantilis and Coli .
. ^

2 23 4- ti — 33 4- ft -
3 22 4- ft — 31 4- ft —
4 22 4- 4-2.20 — 31 4- 4-2.65 —

1 — + acid — — 4- acid —

Infantilis and Ovalis
^

2 — 4- ft — - 4- ft -
3 — + ft — — 4- ft —
4 — 4- +2.7 — — 4- 4-2.8 —

'! 1 25 4- acid 28 -f acid —

Coli and Ovalis
2 26 + ft - 32 4-

ft -
3 22 4- ft — 30 4-

ft —
4 22 -b 4-3.8 — 30 4-3.0 —

f
1 11 4- acid 30 acid

Infantilis, Coli 1
2 11 4- ft

31 t( -

Ovalis
1

3 9 4“ ft — 28 ft -

i
4 10 + 4-3.45 “ 28 4-3.9 "



Arthur 1 . Kendall 435

Escherich,‘ Finkelstein,’ Moro* and Salge,^ have been freely con-

suited.

An organism described by Salge attracted especial attention.

He found it in cases of catarrh of the small intestine and dis-

covered that it had the property of breaking up sodium oleate into

lower fatty acids, and that the presence of fats increased its

fermentative powers. Inasmuch as an abnormal excretion of

fatty acids and fats is a feature of infantilism, a possible relation-

ship between infantilis and Salge's bacillus was suspected. Sub-

sequent investigation, however, showed that there is very little

resemblance between the two organisms.

Finkelstein described an acidophilic organism which he ob-

tained from cases of Blaue Bacillose, but it is evident that his

bacillus is closely related to B. acidophilus, (This organism, as

already pointed out, occurs in infantilism stools together with B.

injaniilis,)

B. infantilis belongs to the B. subtilis group. It produces

resistant spores, forms alkali in milk and non-saccharine media,

and does not produce gas. It is, however, smaller than any

hitherto described subtiloid bacillus, and its ability to liquefy

gelatin is much less marked than is the case with other members
of this group. It should be mentioned in this connection that

an organism having the morphological and cultural characters

of B. injaniilis has been isolated by the writer from canned plums.

It differs from B. infantilis, however, by its relatively rapid

peptonizing action in gelatin and its inability to form primary

amines. This organism seems to be a connecting link which
not only indicates the relation of B. infantilis to B. subtilis group
but emphasizes the lines along which the latter organism tends
to deviate from the typical organisms of the group.

Part IV. The Relation of B. Infantilis to Infantilism,

B. infantilis is a sporeTorming organism, and as Theobald
Smith^ has pointed out, spore-forming bacteria are not, as a rule*

* Loc, cit,

^ Dciitsch. nicd. Wockenschr,, p. 263, 1900.
* Loc, cit.,

* Jahrh, /. Kindcrheilk,, lix, p. 399, 1904.
* Theobald Smith: Some Problems in the Life History of Pathogenic

Microorganisms, Anter, Med,, vih, pp. 711-718, 1904.
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obligate parasites, at least in man. The organism has not only

been found in the stools of all the typical cases of infantilism so

far examined^ but also in the dejecta of normal nurslings derived

from various sources, although in the latter instances the bacilli

were very few in number and were not obtained from all the feces

examined.

The fact that these cases, both pathological and normal," rep-

resent a fairly wide geographical area seems to indicate that B.

infantilis may be well distributed in nature. In some instances

it apparently finds a favorable environment in the intestinal

tract of young children, obtains a foothold and proliferates there.

In spite of this proliferation, however, specific agglutinins are

apparently not produced, and although it certainly occurs in

large numbers at certain periods of the disease, evidence is strongly

in favor of the view that it is non-invasive.

One is not justified, however, upon these grounds in conclud’ng

that there is no etiological relationship. Feeding experiments

upon a dog resulted in the establishment of a well-marked diar-

rhoea* associated with the appearance of B. infantilism the stools.

A monkey, whose diet was carefully regulated, reacted even more

strikingly. The movements became soft, pale in color, strongly

Gram-positive, and there was simultaneously a marked increase

of acidogenic bacteria (first of the Micrococcus ovalis type, then

a rapid rise in the proportion of B. acidophilus, associated with

a moderate number of B. bifidus). There was a corresponding

diminution in the Gram-negative coli-aerogenes type of bacilli.

That is, there was bacterially a decided tendency toward the

development of the infantilism type of stool.® These effects are

' For list of cases, see Herter, loc. cil.

^ It is interesting to note in this connection that Ardo'in (Thdse de Paris,

p. 78, 1898) and Spielgelberg (Jahrb. f. Kindcrhcilk., xlix, p. 194. 1895)

have isolated and described bacteria belonging to the subtilis group which

cause decided diarrhoeal disturbances, particularly in young children.

Certain cases quoted by these investigators were characterized by the

relative abundance of subtiloid organisms in the stools.

’ The appearance of acidophilic bacteria following so closely upon that

of B. infantilis is perhaps the most noteworthy feature of these feeding

experiments, because cases of infantilism usually run the same course,

bacterially. The e.xplanation of this bacterial sequence is not known

and the data available at the present time do not justify more than the

bare statement of the fact.
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transient and tend to disappear after a few days, but they may

be reproduced by fresh infection with B, infantilis

.

These

diahrroeal disturbances are conceivably due to the irritant action

of the products produced in siin by B. infantilis^ and the experi-

ences of Ardoin^ and Spiegelberg^ certainly are in favor of this view.

SUMMARY.

(1) A spore-forming organism, B, infantilis, described above,

has been isolated from each of a series of cases of infantilism.

(2) It has also been found in limited numbers in the feces of

some although not all normal infants.

(3) B, infantilis is not an obligate intestinal bacillus, but a

saprophytic organism which under certain undetermined con-

ditions finds a suitable environment in the intestinal tract and

proliferates there.

(4) It produces no agglutinins and there is no direct evidence

indicative of its etiological relationship to infantilism.

(5) B, infantilism fed to a dog and a monkey caused in each

animal a pronoimced softening of the stools and diarrhoea. In

the monkey, this diarrhoea was followed by a decided diminu-

tion in the Gram-negative gas-producing bacilli of the coli-aero-

genes type, and a noteworthy increase in the Gram-positive

acidophilic flora. B. bifidus in moderate numbers and B. acido-

philus in excessive numbers were the dominant organisms.

There was a gradual return to the normal type of stool, both
macroscopically and microscopically.

(6) These experiments fum sh evidence in favor of the view
that the diarrhoea observed in cases of infantilism may be caused
by irritant metabolic products resulting from the proliferation of

B. infantilis in the intestinal tract.

In conclusion the writer wishes to express his indebtedness to
Dr. C. A. Herter not only for the opportunity of studying these
cases but also for many helpful suggestions and advice during
the progress of the work. The photographs which accompany
this paper were made by Dr. Learning of the Rockefeller Insti-
tute, to whom the writer is indebted.

* Loc. cit,

^ Loc cit.
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EXPLANATION OF THE PLATES.

1. Pure culture of infantilis^ showing Gram-positive and “punctate*'

forms, the latter staining faintly, a shows an antennate form (X xooo).

2. Submerged colonies of B, infantilis

^

showing the fioccose structure.

3. A typical field from an infantilism stool. The principal organisms

represented are: B, infantilis
^
B, acidophilus ^ B, hifidtts, Mic, ovalis^ B.

coli. The doubly contoured bodies, resembling large capsulated cocci

are relatively common in typical infantilism stools. Their significance

is unknown (X 1000).

4. A typical dextrose fermentation-tube sediment from a case of

infantilism. I-IV, VI, B, bifidus; II, pseudo-branched form of Mic.

ovalis; III, club-shaped form of B. bifidns; V, antennate form of B. infan-

tilis (X 1000).

The diagnosis of these organisms is based upon the cultural study of

the stool from which the photograph was prepared.
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NOTE ON THE PRODUCTS OF BACILLUS INFANTILIS

grown in artificial media.
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Bacteriological studies of the feces in certain cases of arrested

development in infancy^ have shown this disorder to be associated

with the presence of large numbers of the microorganisms to

which we have given the name B, infantilis. Although the

relation of this microorganism to the derangement of intestinal

function is not yet clear it is evident that it is so prominent

among the intestinal bacteria in this disease, even in its early

stage, as to deserve careful study from every standpoint. The
morphological and cultural characters of B, infantilis have been

studied by one of us (Kendall) and we now desire to record

here some observations which have been made on the bio-chem-

ical properties of the bacillus.

The most noteworthy fact relating to the biological chemistry

of B. infantilis is its ability to form volatile alkali. When
grown for two weeks in plain broth at the body temperature
this organism was found to have given rise to considerable

quantities of volatile bases, consisting chiefly of ammonia. The
quantity of volatile base formed in three different experiments
carried on under approximately the same conditions was equiva-
lent to 3.8 per cent, 4.2 per cent and 4.1 per cent normal sodium
hydroxide, using alizarin as an indicator. It is interesting to
observe that the formation of volatile alkali by B, hifantUis
was from three to four times greater than the amount made in

plain broth by B. coli growing under essentially the same con-
ditions for the same length of time. While the greater part

*See Infantilism from Chronic htiesiinal Infection, by C. A, Herter,
The Macmillan Company, 1908.
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of the volatile bases formed by B. infantilis is neutralized by
acids simultaneously formed (lactic and succinic, together with

volatile acids, probably for the most part propionic and butyric)

the bases after a few days predominate sufficiently to impart a

decided alkaline reaction to the broth culture.

We are certainly justified in classing B. infantilis as one of

the very active producers of ammonia. The differences just

mentioned respecting the ability of B. coli and B. infantilis to

make volatile bases are not attributable to differences in the

growth of the bacteria in the two sets of culture. For while it

is not possible to gauge with accuracy the inequalities in rapidity

of growth, a comparison of the turbidities, as well as of the

microscopical appearances, indicated that we were dealing with

fairly comparable rates of reproduction, as shown by the con-

ditions at the end of the incubation period of two weeks.

The volatile alkali obtainable from broth cultures of B. infan-

tilis does not consist entirely of ammonia. The use of Hoff-

mann’s carbylamine reaction showed clearly that a primary

amine is formed early in the course of the decomposition. The

development of an unmistakable carbylamine reaction has been

a feature of all our alkaline distillates obtained from broth

cultures of B. infantilis. We are disposed to attribute this

reaction to the presence of an alkylamine but it cannot be

denied that the presence of diamines such as putrescine and

cadaverine is not impossible in our distillates. Methylamine

and ethylamine probably do not occur separately among decom-

position mixtures and it is not unlikely that both are present

in our distillates, the former perhaps preponderating. We have

made no observations with a view to determining the amount of

primary amines formed by B. infantilis.

In order to determine whether B. infantilis causes the putre-

factive decomposition of proteids it was grown in broth for a

period of three weeks or longer. The cultivation Avas carried

on in flasks containing one liter of the culture medium and

under such conditions as were likely to secure both aerobic and

anaerobic development. No attempt was made, however, to

secure such strict anaerobic conditions as are obtainable under

hydrogen or under carbon dioxide. As there is a strong tendency

for the organisms to collect on the surface of the culture medium
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there may be some difficulty in securing good growth in the

lowest part of the flask where the conditions are relatively anae-

robic, but this difficulty was in a degree overcome by frequently

shaking the receptacles. Under these experimental conditions

we were unable to detect the presence, of indol, skatol, phenol,

aromatic oxyacids, hydrogen sulphide or mercaptans. From

acidified concentrated broth cultures and from milk cultures it

was possible to obtain ethereal extracts containing material

which gave the color reactions for indolacetic acid, but this

derivative of tryptophan was not thus obtainable in amounts

sufficient for identification. Assuming that we are justified

from the color reactions in considering that indolacetic acid

was formed, it is certain that it was present in only very slight

concentration.

The addition of tryptophan to the broth medium did not

yield indol or skatol from the action of B, infantilis nor did this

addition lead to the formation of an increased amount of indol-

acetic acid. Similarly, the addition of tyrosin to the broth did

not lead to the development of phenolic derivatives of tyrosin.

Finally, the addition of cystin to the broth was not followed by
the liberation of hydrogen sulphide or methyl mercaptan. From
these experiments we have reached the conclusion that our

organism does not possess putrefactive activities, at least under
ordinary conditions of growth. B\it it is proper to say that

different results may conceivably be obtained under strict

anaerobic conditions. It is also possible that under states of

symbiotic action with other bacteria B. infantilis may develop
powers different from those which we have described. It is

apparently a characteristic of infantilism from intestinal infec-

tion that the urine gives very strong reactions for aromatic
oxyacids and we do not consider it impossible that our micro-
organism has a part in their formation, although the indications
are at present opposed to this vie^v.

When boiled with caustic potash or caustic soda the broth
cultures of B, infantilis yield a strong reddish-brown color which
corresponds to the characters of the Voges-Proskauer reaction.
This reaction is only obtainable from cultures grown on media
containing peptones or albumoses.
On media containing dextrose B, infantilis forms lactic acid,
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succinic acid and volatile fatty acids. We have not detected

the presence of alcohols, ketones or aldeh3''des.

It is a question of some interest whether so strong an alkali

producer as B. infantilis may, by \’irtue of its production of

ammonia, give rise to significant irritant action on the intestinal

mucous membrane in those cases where the organism is in process

of becoming parasitic and is present in very large numbers.

Finally it should be observed that the ether extract of old

cultures of B. infantilis in broth, yields an abundance of an

apparently fatty substance which we deem worthy of further

study.
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A critical examination of the various methods which, up to

that time, had been suggested for the estimation of the reduc-

ing power of blood was made by Seegen^ in 1892. In 1894,

Schenck,^ partly in reply to Seegen's criticisms of a method

suggested by him, published a detailed account of this method

and supplied evidence of its accuracy. Two years later, Way-
mouth Reid® published another method which he showed to

he of great accuracy. The prime difficulty in making an esti-

mation of the reducing substances-in blood resides in the removal

of the proteid, and it is in the exact process employed for this

that the methods essentially differ. Since 1896 various other

ways have been suggested for removal of the proteid, among
which may be mentioned that of colloidal precipitation by
means of dialyzed iron (Michaelis and Rona^ and Oppler and
Rona®) and that of dialysis of the blood against sterile isotonic

saline at ice cold temperature (Edie and Spence®).

In connection with researches carried on during the past two
years in this laboratory, the method of Wa3rmouth Reid has been
that employed, but more recently parallel determinations have
been made by the method of Schenck. The object of making
this comparison was to see whether Schenck^s method is as
reliable as that of Reid for, if so, considerable expense and time

'J. Seegen; Zentralbl. /, Physiol, vi, p, 501, 1892; vii, p. 604, 1893.
*Schenck: Arch. f. d. ges. Physiol,, Iv, p. 191, 1894.
•Waymouth Reid: Journ. of Physiols xx, p. 316, 1896.

Michaelis and P. Rona: Biochem. Zeitschr,, viii, p. 356, 1908.
* Oppler and Rona: Ibid., xiii, p. 121, 1908.
Edie and Spence: Biochcm. Journ,, ii, p. 103, 1907.
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could be saved. Another reason for making the comparison

lay in the fact that in a recent research by Liefmann arid Stem,*

in which the reducing power of the normal blood of man was

determined by Schenck’s method, much lower values were

obtained than by the older investigators who used one or other

of the older methods. Thus, the average percentage reducing

power for human blood found by Liefmann and Stem is o.oS,

that given by Seegen 0.17, by Frerichs 0.12 to 0.33, by von

Mering o.i to 0.15, by von Noorden 0.05 to 0.15 and by Naunyn

0.08 to 0.09.

In dog’s blood, removed immediately after etherizing, Vosburgh

and Richards* found by the use of Waymouth Reid’s method, the

normal percentage of reducing substance to be 0.17 (16 results).

(In this average, unusually high figures are omitted.) Under-

hilP by the same method, found an average of 0.16 (16 results),

which is about the same as that obtained by me.'* By the use

of Schenck’s method, Embden, Luthje and Liefmann® found

the normal percentage of reducing substance in dog’s blood

removed Avithout anasthesia from the jugular vein to var)’’ con-

siderably with the temperature of the room in which the dog

had been kept. The average percentage at a temperature

between 5° and 10° C. was about 0.09S, and for higher tempera-

tures it was less. It must be remembered, firstty, that this is

for venous blood which, as is Avell known, contains less reducing

substance than does arterial, and, second, that no ether was used.

On account of the discrepancies it was thought advisable to

make a comparison of the amounts of reducing substance found

in the same specimen of blood by the two methods.

A brief description of these two newer methods, as employed

b)' me, may not be out of place.

Waymouth Reid’s method. The blood is delivered directly from the

artery into a weighed beaker containing 250 cc. of a solution of 7 per cent

'Liefmann and Stem: Biochem. Zcitschr., i, p. 291, 1906.

•Vosburgh and Richards: Amcr. Journ. of Physiol., ix, p. 3S, 1903.

’ F. P. Underhill: This Journal, i, p. 113, 1905.

'J. J. R. Macleod: Amer. Jouru. of Physiol., xix, p. 38S, 1907; xxii.

p. 373, 1908.

'Embden, Lhthje and Liefmann: Beitr. c. chem. Physiol, u. Pathol.,

X, p. 265, 1907.
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phosphotungstic acid and 2 per cent hydrochloric acid. After weighing,

to ascertain the amount of blood taken, the beaker is placed on a sand

bath and its contents heated to boiling, and the boiling continued (two

or three minutes) until the proteid precipitate collects into a hard crumbly

mass. After cooling, the clear supernatant fluid is filtered off, nearly

neutralized to litmus (left just acid) and placed in an evaporating dish

on a water bath. The precipitate is transferred to a mortar and ground

into a chocolate-like paste to which is then added, with constant rubbing,

a large amount of cold water, the resulting suspension being then thrown

on to a suction filter and sucked dry. The washings are nearly neutral-

ized to litmus (but left just acid) and added to the evaporating dish

containing the original filtrate. The washed precipitate is transferred

(along with the filter paper) to the mortar and again rubbed up with a

large amount of water and filtered under suction, the filtrate after partial

neutralization being added to the contents of the evaporating dish.

The same process is repeated a third time. The contents of the evaporat-

ing dish are then evaporated to a bulk of about 40 cc. exactly neutralized

towards litmus paper and filtered through ash-free thick filter paper into

a 100 cc. graduate, the evaporating dish being washed on to the filter.

The total volume of the filtrate and washings is made up to 85 cc, which

is then mixed in a beaker with 30 cc. each of the two constituent solutions

of Allihn's reagent. The beaker, covered with an inverted Petrie’s

capsule, is passed through a retort ring and suspended by its rim into a

briskly boiling water bath for exactly half an hour, after which the

beaker is removed from the water bath and 130 cc. of water are added
to its contents. After standing for a few minutes so as to allow the

cuprous oxide to settle the clear blue supernatant fluid is filtered through
an asbestos mat in a weighed Gooch crucible, the precipitate collected

on the mat, washed with water alcohol and ether, then dried at about
100® C., cooled and weighed.

The relative amounts of Allihn’s solution and sugar solution, the
length of time of heating arid all other details being exactly same as
recommended by Pfifiger, the tables published by him‘ are then employed
in calculating from the weight of cuprous oxide precipitate, the amount
of sugar (reducing substance) present. The 85 cc. of final filtrate will
of course contain variable amounts of dextrose in the different experi-
ments. The smallest amount of blood taken in any experiment is 30
grams; assuming this blood to contain o.i per cent of dextrose, the 85
cc. of final filtrate will contain only 0.03 gram of dextrose. The largest
amount of blood taken is 50 grams; assuming this to contain as much
as 0.4 per cent of dextrose, the final filtrate will contain 0.2 gram of
dextrose. The variation in percentage of dextrose in this solution is

therefore o.o3~o.2o per cent which is well within the range of Pflfiger’s
table

.

* E. F. W. Pflfiger: Arch. /. d. ges. Physiol, xcvi, p. 1, 1902,
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Schenck's method. Fifty cubic centimeters of blood are delivered into

250 cc. of a solution containing 0.8 per cent hydrochloric acid and 2 per

cent mercuric chloride. Schenck originally recommended that 50 cc.

of blood should first of all be delivered into 50 cc. of water, then mixed
with ICO cc. of 2 per cent hydrochloric acid and then with 100 cc. of a 5

per cent solution mercuric chloride. It is, however, much more con-

venient to receive the blood directly into the made up reagent, it having

been first of all shown that to do so does not yield results which differ

from those obtained when Schenck*s process is exactly followed. The
mixture is well shaken and then allowed to stand for some time* until

the precipitate has settled after which it is filtered without suction through

a dry folded filter. Washed sulphuretted hydrogen gas is then passed

through the filtrate until all the mercury is precipitated, the mercuric

sulphide filtered off, an aliquot part

—

150 cc. (corresponding to half the

blood taken)—of the filtrate removed to a flask and air bubbled through

it to remove all traces of sulphuretted hydrogen, then nearly neutralized

but left slightly acid, evaporated over a water bath to a small bulk,

carefully neutralized, filtered and the filtrate made up to a suitable vol-

ume for the estimation of reducing power. Schenck and those who have

strictly followed his directions have employed for this last purpose, the

titration method of Knapp, which, however, according to Sutton is not

very accurate. In a few of our experiments, Pavy’s titration was employed
but was not found very trustworthy for this purpose.

The chief difficulty in using Pavy’s method occurs when small traces

of proteid remain in the final filtrate, thus giving, with the alkaline copper

solution, a biuret reaction and masking the end point of the reaction.

In all the other estimations we have adopted the gravimetric method, as

recommended by Pfliiger, and discussed above.

To ascertain the accuracy of their respective methods, both

Reid and Schenck have employed the test of adding a certain

quantity of dextrose to blood and determining the amount of

reducing substance (in terms of dextrose) before and after the

addition of the dextrose. The difference between the two

determinations should equal the amount of dextrose added.

It has been found that both methods give entirely satisfactory

results by this test, a fact which we have confirmed in this labora-

tory. Thus, by Reid’s method, the percentage amount of re-

ducing substance in a specimen of dog’s defibrinated blood was

found to be 0.0905. In another portion of the same blood to

which 0.1005 per cent of dextrose had been added the amount

* Embden has found that prolonged standing of Schenck’s reagent

and blood causes some of the reducing substances to be precipitated

(quoted by Liefmann and Stem, loc, cit,).
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found was 0.191 giving a difference of 0.1002. A similar test

by Schenck’s metbod (using Pavy titration) gave a less sat-

isfactory resultt viz: to a blood containing 0.21 1 per cent of

dextrose, 1.264 cent dextrose was added. A sample of this

contained 1.52 per cent dextrose, giving a difference of 1.310

gram. Duplicate determinations of the same sample of blood

by the same method give closely agreeing results when Reid’s

method is employed and the same is true for Schenck’s method

when the gravimetric method is employed for determining the

amount of reduction. The following are duplicates by Reid’s

method, taken at random from our protocols: 0.246 and 0.230;

0.306 and 0.312; 0.139 and 0.136; 0.223 and 0.228; 0.342 and

^•353i c-2 59 and 0.260; 0.253 0.260; 0.155 and 0.157; 0.144

and 0.152; 0.139 and 0.121. The following are duplicates by
Schenck’s method: 0.196 and 0 , 166

] 0.079 0.075; 0.117

and 0.123; c*^39 c.134; 0.123 and 0.135; 0.137 and 0.133.

According to both these tests of accuracy either method is satis-

factory although that of Reid gives the more constant results,

but when the amount of reducing substance determined by the

one method is compared with that determined by the other

in the same sample of blood a very considerable discrepancy

is found to exist. By Schenck’s method less reducing substance

is found than by Reid’s. Thus by Schetick’s method as above
described and by Reid’s method, the following amounts of

reducing substance in the same sample of blood were found.

TABLE I.

BEDOCIKO BUBBTANCB in 100 ORA41B Of
Bl/IOD BT

Pifiference.

1

Per cent (Reid)

Heid’a method. Scbenck’s method.
Pifference.

om.
1 cm.

i ffm.

0,255 0.182 0.073 28.6
0.151 0.129

1

0.022 14
0.266 0,193

1

0.073 27

(Pavy titration)
0.165 0.135 0.030 18
0.231 0.207 0.024 10
0.143 0.129

'

0.014 * 10
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It is seen that the values obtained by Schenck’s method are

always much lower than those obtained by Reid’s, and more-

over, that the difference varies for different bloods. These

results show that either one or other method is inaccurate, or

that the mercuric chloride emplo^red by Schenck precipitates

certain of the reducing substances in blood which phospho-

tungstic acid does not.

Let us see first of all whether any errors of accuracy can be

detected in either method. There are two stages at which

errors are most likely to be made. The first of these is in the

method of treatment of the proteid precipitate and the second,

in the process employed for the estimation of the reducing power

of the final filtrate.

Concerning the estimation of the reducing power of the final

filtrate, we have as before stated, adopted, for both Schenck’s

and Reid’s methods, the method of Allilin-Pfliiger. In using this

in the case of Reid’s method, there is a possibility of too high

a value being sometimes obtained on account of the presence

in the final filtrate of a slight opalescence. ‘ As far as can be

seen, how^ever, this opalescence disappears when the filtrate is

mixed with Allihn’s solution. To ascertain whether this opacity

or some other possible impurity in the cuprous oxide precipitate

does materially affect the accuracy of the methods, we have

made determinations of the copper in the precipitates by the

method of Volhard with the following results.*

‘ In Reid's process during the evaporation to small bulk of the original

filtrate and washings a considerable precipitate of a white or pale blue

color usually separates out. Sometimes when filtering off this precipitate,

some of it passes through the filter paper with the wash water and so

renders the final filtrate opalescent.

’ These controls by Volhard’s method were made in most cases where

the results as obtained by the gravimetric process were unexpected, and

the table on the following page is composed of selections from the proto-

cols, good as well as bad results being included.
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TABliB n.

Method and Number.

Amount of

copper calcu-

lated from
weight of CUiO

ppt.

Amount of

copper found

by Volhard's

method.

Difference in

grams.*

Per cent

difference.

Reid (S) 0,1046 0.1040 0.0006 0.6

" (2) 0.2323 0.2397 +0.0074 +3.0
' (9) 0.0816 0.0820 + 0.0004 + 0.5

' (10) 0.1764 0.1672 0.0092 5.0
tt 0.1098 0.1090 0.0008 0.7

“ (4) 0,1676 0.1682 + 0.0006 + 0.3

“ (17) 0.0735 0.0732 0.0003 0.5

“ (19) 0.0413 0.0470 + 0.0057 +7.0
' (15) 0.0675 0.0680 +0.0005 +0.6
" (29) 0.1285 0.1308 +0.0023 +0.1

Schenck (4) 0.1437 0.1374 0.0063 4.0

“ (3) 0.1600 0.1602 +0.0002 + 0.15

Dextrose solution 0.2978 0.2960 0.0018 0.6
tt it 0.2997 0.2964 0.0033 1.1

* In those ^rith + sign the estimations by Volhard's method -were higher than the gravi-

metric, Those with no sign were smaller by Volhard's than by the gravimetric method.

It will be seen that there is usually very little difference in the

amount of copper found by titration as compared with that

calculated from the weight of the cuprous oxide precipitates.

It is evident, therefore, that the difference in results obtained

by the two methods must arise at some earlier stage in the proc-

ess, viz: in the method of treatment of the proteid precipitate.

In Reid’s method this is thoroughly macerated wdth cold water
and in Schenck’s method it is assumed to contain the same
percentage of reducing substance as the fluid and is therefore

disregarded, an aliquot portion of the fluid being employed for

the further stages of the process. That by treating the precipi-

tate obtained by Reid’s method, as above described, all traces
of reducing substance extractable by cold water are certainly

removed, we have sho^vn by collecting several of the exhausted
precipitates and again triturating them in a mortar and extract-
ing with cold water. On evaporating the filtrate from this
and heating with Allihn’s solution we have been unable to
detect any reduction. There is no doubt that by Reid’s method
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of treating the precipitate all reducing substance is removed

from it.

Regarding Schenck’s method, the only means by which it can

be shown whether or not fluid and precipitate contain the same

percentage of reducing substance are indirect, since, on account of

the gummy nature of the precipitates, it is impossible to extract

them with water. To test this point, Schenck added a known

quantity of dextrose to defibrinated blood and found, by his

method as above described, the same percentage reducing power

as when an equivalent amount of dextrose was added to the

proteid'free filtrate just prior to titration. It, therefore, made

no difference in the results whether the dextrose was added to

the blood before or after precipitation of the proteids. This

seems to be the only result from which Schenck concludes that

the distribution of dextrose is uniform in precipitate and solu-

tion. In two papers, published previously to that in which

the above method is described, Schenck states that when the

proteid of serum or of blood is coagulated by acidifying and

boiling, only a portion of the added dextrose can be accounted

for in the filtrate even when the coagula are most thoroughly

extracted with water.* When, however, the thoroughly washed

coagula are boiled with 5 per cent hydrochloric acid, reducing

substance is removed from them, and indeed in almost sufficient

amounts to make good the loss, when the filtrate alone is em-

ployed.

These observations led us to the next step, viz : to see whether

by boiling the blood with Schenck’s reagent reducing substances

would become dislodged from the precipitate and appear in the

filtrate, thus bringing the results up to the same level as those

obtained by Reid’s method. In doing this, we have as before

compared the percentage reducing po'w^er of the same blood

by Reid’s method with that found by using Schenck’s method

combined with heat.-

* Fr. Schenck: Arch. f. d. gcs. Physiol., Iv, p. 203, 1894; xlvii, p. 621,

1890.

* In employing heat it -was necessary to weigh the solution before

boiling and make up to this weight after boiling. An aliquot portion

of the HgS-free filtrate was then employed for the further stages of the

process.
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• ble gives the results

:

TABLE III.

Schenck. Difference. Per cent difference.

0.1397

0.1345

0.055 28.7

0.177 0.037 17.2

0.181 0.078 30

0.193 0.063 24.2

0.120 0.054 31

0.077 0-037 32.4

that boiling does not increase the amount of

»oe as found by Schenck* s method. Since

Iv - satisfactory results when tested regarding

y adding a known amount of dextrose to blood,

' Schenck*s method must be due to the reagent

ng with the proteids some of the reducing sub-

which phosphotungstic acid does not precipi-

i ce cannot be dextrose for the reason just

therefore be some other reducing body such

01 pentoses. Before considering this possi-

to be pointed out that Embden has found pro^

of the mercuric chloride with blood to cause

liose to be precipitated. Liefmann and Stem^

ture of blood and reagent to stand six hours

but Embden himself in a previousresearch waited

of glycuronic acid in blood (of the ox) has been

*aul Meyer.^ The same author has found that

og’s blood, unlike that of horse*s blood, contains

p,but that not more than 2.5 to 5 per cent of the

‘Ower of dog’s blood can be accounted for by the

substance. The amount of dextrose thus com-
h the diet. The presence of pentose is uncertain.

Stem: Biochem, Zeiischr., i, p. 297, 1906.

ipjfmann and Stem: loc. cit.^ p. 300.

Zeitschr. f, pkysioL Chcm., xxxii, p. 518, 1901.


